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WATER RESOURCES OF INDIANA AND OHIO. 



By Frank Levebbtt. 



GENERAIi STATEMENT. 

- The gathering of material concerning water resources contained in 
this paper has been carried on largely in connection with glacial studies 
which the writer has pursued under the direction of Prof. T. G. Cham- 
berlin. These studies were begun in Indiana in 1887 and in Ohio in 
1888, and have embraced about six field seasons. As a result of this 
connection with glacial studies the data are much fuller in the glaciated 
than in the unglaciated portions of these States. 

The data collected on the underground waters are much more full in 
the Indiana than in the Ohio portion, and embrace not only the waters 
from wells obtained from glacial deposits, but also those from the rock 
formations. The underground waters of Ohio are to be discussed by 
Prof. Edward Orton in a paper for this Survey, hence only brief refer- 
ence is made to them in the present discussion. 

Since arrangements are being made by this Survey for a special 
investigation of water power in Indiana, and since the water power of 
Ohio has been discussed quite fully by Prof. Dwight Porter in the 
Tenth Census Beport,^ the subject receives but little attention in this 
paper. 

A special circular letter making inquiries concerning city water sup* 
ply was mailed to town officials, or others qualified to give information, 
in all towns of Indiana and Ohio having a population of 1,000 or more 
and to smaller towns which were known to have a waterworks system. 
The generous response to that letter makes it possible to present a some- 
what full report upon this subject. It is taken to be a measure of the 
general deep interest in the publication of such statistics, and the writer 
wishes here to acknowledge great indebtedness to the large number of 
persons who have supplied information. Advance sheets of the Man- 
ual of American Waterworks for 1897, published by the Engineering 
News, have been furnished through the kindness of the editor, Mr. M. N. 
Baker, from which statistics concerning waterworks are rounded out 
and brought down to date. Proper credit is given in the tables of city 



> Beport on the water power of the Ohio River Basin and the Ohio State Canals, by Dwight Porteri 
Tenth Census of United SUtee, 1880, VoL Xl^II, pp. 429-504. 
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water supply for statistics thas obtained. The pains taken by Mr. 
Baker and bis associates in collecting this body of statistics can be 
appreciated only by those who attempt similar work, and his kindness 
in thus cooperating places us under a debt of gratitude to him. 

PHYSICAIi FEATURES. 

ALTITUDE. 

The accompanying topographic map (PI. XXXIII) presents 100-foot 
contours, which are based principally upon rail way -survey altitudes. 
A large part of these data, which include not only stations, but also 
natural summits and beds of streams crossed by the railway lines, were 
collected by Mr. Henry Gannett, of this Survey, and arranged for his 
forthcoming revised edition of the Dictionary of Altitudes in the ' 
United States. Through Mr. Gannett's kindness the writer has been 
given free access to all such unpublished material as pertains to Indi- 
ana and Ohio. Some of the elevations were obtained from Gapt. H. M. 
Chittenden's map accompanying his report on the canal routes between 
Lake Erie and the Ohio River.^ A considerable number of elevations 
have been obtained from Professor Orton's list of altitudes m Ohio, pub- 
lished in Volume VI of the Ohio Geological Survey. For the outlin- 
ing of the 800-foot contour in Monroe and Lawrence counties, Indiana, 
Mr. C. E. Siebenthal, of the Indiana survey, should receive credit. 
Where precise elevations are wanting use has been made of aneroid 
readings taken by the writer.* A general acquaintance with the topog- 
raphy of the region has also been of service in drawing the contour 
lines. The minor sinuosities of tbe contour lines must necessarily be 
neglected on a map of this scale. It is thought, however, that the 
variations in altitude are presented with a sufficient degree of approx- 
imation to represent fairly the general features. 

The mean elevation of Indiana is estimated by Mr. Gannett, through 
a study of railway elevations and other published data, to be 700 feet 
above tide.^ Mr. S. S. Gorby, formerly State geologist, who has a 
somewhat intimate personal acquaintance with the features of the 
State, estimates the average altitude to be 800 feet.* Nearly three- 
fourths of the State stands between 500 and 1,000 feet. Of the 35,910 
square miles there are, according to Mr. Gannett's estimate, but 2,850 
square miles above the 1,000-foot contour and but 4,700 square miles 
below the 500-foot contour. The highest land is found near the eastern 
boundary of the State, in soutbern Eandolph and northern Wayne 
counties, where the altitude reaches about 1,250 feet above tide; it is 

'Ex. Doc. No. 278, Hoase of Representatives, Fifty-fourth CoDgress, first session, 1896. 

'It shoald be noted that in the ungUciated portion the contouring is restricted mainly to the 1,000- 
foot line. The available data are too meager to justify the full contouring attempted in the glaciated 
portion. A part of the glaciated npland in northeastern Ohio is aleo defective in this respect. 

* Thirteenth Ann. Kept. U. S. Geol. Survey, Part II, 1893, p. 289. 

* Sixteenth Ann. Kept. Indiana Geol. Survey, 1891, p. 217. 
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in the midst of the main area that rises above the 1,000-foot contour, 
as may be seen by reference to the map (PL XXXIII). A small area 
in the northeast corner of the State rises above 1,000 feet, and still 
smaller alreas in Hendricks, Brown, and Washington counties, too 
small to be indicated on tte map, also exceed 1,000 feet. The portion 
falling below 500 feet is confined to the soothwestern corner and to 
valleys in the southern half of the State. The lowest elevatiim (at 
the mouth of Wabash River) is 311 feet above tide at low water of the 
stream. 

The'mean elevation of Ohio is estimated by Mr. Gannett, in the paper 
above cited, to be 850 feet, or about 150 feet greater than that of Indiana.^ 
Only 400 of the 40,760 square miles in the State are estimated to fall 
below 500 feet, and this low part is confined to the Ohio Valley and the 
lower course of its tributaries, the lowest point being about 425 feet 
above tide. Less than one square mile stands above 1,500 feet. This 
is near Bellefontaine, in Logan County, in the west-central part, where 
one hillock reaches 1,540 feet and another 1,525 feet above tide. At 
least one-fourth of the State stands above 1,000 feet. This elevated 
part is largely in the eastern half, though it is estimated by the writer 
that nearly 4,000 square miles in the western half stands above 1,000 
feet. Two-thirds, or possibly a larger part, of the State is between 
500 and 1,000 feet above tide. The western half is lower than the 
eastern, because it includes the two most extensive lowlands of the State, 
one bordering the western end of Lake Erie, the other occupying the 
Scioto basin. Furthermore, the great elevation attained in Logan 
County, in western Ohio, is confined to a few square miles, there being 
very little territory in western Ohio standing above 1,200 feet. But 
in eastern Ohio there are extensive areas rising not only above 1,200 
feet, but even above 1,300 feet. 

RELIEFS. 

Under this head the escarpments, ridges, or hills formed by varia- 
tions in rate of disintegration of the rock strata are discussed. The 
broad arches due to uplift are also briefly considered. Moraiuic ridges, 
dunes, and other aggregations of Pleistocene age are not included. 

Throughout the greater part of Indiana and in northwestern Ohio 
the glacial deposits are so heavy as to conceal the reliefs quite effectu- 
ally and to reduce the surface to a somewhat smooth contour. Indeed, 
the moraiuic ridges constitute the principal features that would attract 
notice in the northern two-thirds of the region. The southern third 
of Indiana has largely escaped glaciation ; the southern part of western 
Ohio has been less heavily covered than the northern, and much of the 

■ The great extent of elevated tracts in eastern Ohio is not shown by railway elevations, since the 
ndlways in that portion of the State are largely confined to valleys. This suggests the possibility 
that Mr Gannett's estimate of the mean elevation, which is based largely upon railway elevations, 
may be too low. It is scarcely probable, however, that it falls below more t&an 100 feet. 
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eastern half of Ohio is unglaciated. Hence the reliefs of the rock stir- 
flEice are well exhibited in these districts. 

Since the reliefs of the region ander discussion depend apou the geo- 
logical formations, and these formations are definitely related to the 
Oincinnati arch, the discussion of this arch naturally precedes that of 
the other reliefs. Its relation to the geological history of Ohio and 
Indiana is clearly set forth by Dr. Edward Orton in an early report of 
this Survey, as follows: ^ 

All of the earlier geological history of these two States [Ohio and Indiana] as far 
back as it can be followed, is connected with an elevatory movement that, advanc- 
ing from the southward, extended itself through most of the territory now under 
consideration [western Ohio and eastern Indiana]. This great uplift is most widely 
known in geology under the name of the Cincinnati axis, or Cincinnati anticline, a 
designation to which Newberry gave wide currency in his admirable account of the 
geological structure of Ohio.^ The views that he sets forth as to the character of 
this uplift have been invalidated to some extent by the surprising discoveries of the 
last three years (1886-1889), but the account given by him still remains by far the 
best that has been published of the earlier stages of this important movement. He 
has shown beyond question its early origin in Tennessee and Kentucky and its 
gradual advance through these States. The term ''axis," or ** anticline," as applied 
to a structural feature of this character, is in some respects misleading. It is hard 
to qualify it so that it will not at once suggest to the ordinary reader a line or ridge, 
but this feature has been expressly excluded from all the statements that have been 
made in regard to it. Its extreme flatness and its great breadth have been insisted 
upon by all who have studied it. In the discussion of the physical geology of the 
Cincinnati group of southern Ohio it was shown that for 90 miles in an east and 
west direction there is scarcely any appreciable fall in the strata that compose the 
axis, and that all the determinable dip is a very slight and equable fall to the north- 
ward.3 The term ''axis" might well be replaced by a less confusing term, viz, the 
term "uplift." 

• «««««« 

The main axis of the Cincinnati uplift extends to the northwest, and not to the 
northeast. In the light of all that we have been accuRtomed to hold in regard to 
this great structural feature the statement here made is a surprising one, but no 
other interpretation of the facts is possible. The high levels of the Trenton lime- 
stone all advance to the west of north, and for this we ought to have been partially 
prepared by facts already in hand. The geological map of the United States hag 
long shown a distinct westerly trend for the joint Silurian formations of the two 
States, Ohio and Indiana. 

Froui Wayne and Randolph counties, Indiana, a northeasterly prolongation of 
high-lying Trenton rock extends through Darke, Mercer. Shelby, Auglaize, Allen, 
and Hardin counties to the central part of Plancock County. This prolongation 
may be named the Lima axis. From Hancock County an important spur of high- 
lying Trenton extends northerly, with a very slight westerly element in its direc- 
tion. On the western side this spur is bounded by one of the most marked disturb- 
ances yet discovered m Ohio geology, viz, a monoclinal fold, or perhaps a series of 
connected folds of this character. The downthrow is to the west, and its total 
amount is not less than 200 feet. The most of the descent is accomplished within a 
half or a quarter of a mile, and in some oases nt the rate of 1 foot in 8. This field 
may be appropriately styled the Findlay monocline, the Findlay break, or the Find- 



1 Eighth Ann. Kept. IT. S. Geol. Survey, 1889, pp. 673-574,576. 
« Report Geol. Survey Ohio, Vol. I, p. 93. 
•Report Geol. Survey Ohio, VoL I, p. 411. 
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plains of northwestern Ohio. The series there and in northeastern 
Indiana has its members more widely separated. 

Note should be taken also of feeble moraines on the border of Lake 
Michigan, which rise only 30 to 50 feet above the lake plains and are 
a mile or less in width. 

THE DRAINAGE SYSTEMS. 

The region under discussion is so situated as to discharge its waters 
to several great drainage systems. From the extreme northwest the 
discharge is into Lake Michigan ; south of this is a small area which 
drains to the Illinois; from the northeast the drainage enters Lake 
Erie; the drainage of the greater part of Indiana is tributary to the 
Wabash, itself a tributary of the Ohio; the southern end of Indiana is 
directly tributary to the Ohio through small streams; much of Ohio 
drains southward through the Miami, Scioto, Muskingum, and smaller 
streams. 

The boundaries between the several systems fall mainly within the 
glaciated portion and are largely determined by glacial accumulations. 
The only water partings within the glaciated portion which are to any 
marked degree coincident with an elevated rock surface are (1) in 
southern Randolph County between the headwaters of White River, 
a tributary of the Wabash, and Whitewater River, a more direct trib- 
utary of the Ohio, and (2) in west-central Ohio between tributaries of 
the Scioto and the Great Miami. But even here the water partings are 
only in a general way dependent upon the elevated rock surface, the 
parting itself being at a moraine. 

The boundaries between some of the systems have suffered notable 
changes since the ice sheet withdrew from the basins of the Great 
Lakes and their present outlet, the St. Lawrence River. It has long 
been known that the Wabash once received the drainage from the por- 
tion of northern Indiana now tributary to Lake Erie and from a glacial 
lake occupying the western end of the Lake Erie basin. ^ The channel 
connecting the Maumee, a tributary of Lake Erie, with the Wabash is 
still a plainly marked feature along the line of the Wabash Railway 
from Fort Wayne to Huntington. At the eastern end of this outlet, 
near Fort Wayne, there are beach lines opening into it which leave no 
doubt as to the presence of a lake at a level corresponding to the outlet 
(about 775 feet above tide). The present water parting in this old 
outlet is determined simply by a slight accumulation of silt in the 
old channel near the mouths of the St.-Josephofthe-Maumee and the 
St. Mary rivers. This delta-like deposit being at the summit in the 
outlet, the waters were easily turned eastward down the Maumee. 

Another notable change in drainage is found at South Bend, Indiana. 



iSee Report on the surface geolof^ of the Maumee Valley, hy 6. K. Gilbert: Geology of Ohio, 
Vol. 1, 1873, pp. S3&-6S6; also Am. Jour. Sci., May. 1871. 
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The St. Joseph Eiver,^ now tributary to Lake Michigan, formerly dis- 
charged soathwestward from Soath Bend into the Kankakee. There 
is still a well-defined river channel connecting the St. Joseph with the 
Kankakee, whose surface at the point where it leaves the St. Joseph 
is but 45 or 50 feet above the present low- water surface of the river. 
The discharge to the Kankakee was the best line open to the St. Joseph 
Elver while the ice sheet was occupying the Lake Michigan basin, 
but upon the withdrawal of the ice sheet and the lowering of the lake 
formed by it at the south end of the Lake Michigan basin, a new line 
was opened which had the advantage of more rapid fall. Thus the 
Lake Michigan system became enlarged at the expense of the Illinois 
Eiver system. 

The present lines of drainage within the glaciated portion of this 
region seldom coincide for any great distance with preglacial lines. 
They are in many cases too shallow to reach the bottx)m of the glacial 
deposits. Those which have cut through these deposits often encounter 
the uneven rock surface of preglacial ridges and hills. Throughout 
the greater part of the glaciated area in Indiana and in much of north- 
western Ohio the present drainage channels are flowing at an elevation 
nearly as high as that of the preglacial ridges. The rock floors of 
. preglacial valleys encountered in wells show that the channeling had 
reached a low level. In western Ohio channels stand in places within 
400 feet of sea level, and in western Indiana within 250 or 300 feet. 
The channeling is even lower in northeastern Ohio, the rock floorof the 
Cuyahoga at Cleveland being but 100 feet above tide. The southern 
portion of Indiana has too little drift filling to prevent the main drain- 
age lines from following preglacial valleys. Thus the Ohio along the 
boundary of Indiana, the West Whitewater and main Whitewater, 
and the lower courses of the White and Wabash rivers occupy valleys 
of preglacial age. These valleys are usually filled, however, to such 
an extent that the present streams are flowing nearly 100 feet above 
the old rock floors, and occasionally, as on the West Whitewater, 
nearly 200 feet above the old floor. 

The streams within the glaciated portion of southern Ohio are seldom 
strictly coincident with preglacial lines for any great distance except 
in the case of the Ohio Eiver, though they may have general courses 
nearly coincident with the preglacial lines. Thus the Great Miami 
below Dayton and several of its tributaries in the same section of the 
stream traverse lowlands with only occasional short incursions into 
the edge of bordering uplands. The Scioto basin probably had a 
preglacial drainage line along its uorth-to-south axis, but it was not 
coincident with the present Scioto Eiver. In the unglaciated portion 
of Ohio great changes of drainage have resulted from the blocking of 
northward outlets, but the streams are onlj- rarely thrown into courses 
which had not been opened by preglacial drainage lines. It is proba- 

* This river should be distinguished from the smaller St. -Joseph of-the-Maumee. 
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ble that in many instances they have a flow in the reverse direction 
from that of the preglacial lines, especially in the central and north- 
ern portions of the State. The subject of changes of drainage in that 
region is now under investigation by several physiographers, and it is 
probable that the leading preglacial lines will ere long be traced and 
their connections established. 

The development of the drainage lines in the glaciated portion of the 
region is naturally in a far from mature stage. The best-developed 
lines show but partially graded beds, with rapids or falls where barriers 
are in process of removal. Some of the streams in the northern portion 
have scarcely begun the opening of a channel, but flow through a suc- 
cession of ponds and marshes, their principal work being the removal 
of barriers between the ponds. In southern Ohio, in portions of Cler- 
mont, Brown, Clinton, and Highland counties, channels are poorly 
developed, owing to the extreme flatness of the surface. In southwest- 
ern Indiana extensive marshes border some of the tributaries of the 
White and Wabash rivers. In this latter district the sluggish drain- 
age is due to low rate of fall. In the detailed discussion which follows, 
the rate of fall of the main streams is considered. 

In the unglaciated portion of Indiana drainage systems are strik- 
ingly in coi^trast with the immature systems of the glaciated portion. 
Except in the "sink-hole region" along the outcrop of the St. Louis 
limestone (see p. 483), widely branching or dendritic systems are devel- 
oped, which are cut down to comparatively low and regular gradients. 
In some cases, however, these valleys have been so obstructed by the 
glacial deposits which fill the main lines of discharge that deflections 
of some consequence occur. At such points the valleys have the 
appearance of an immature state of development. The most conspic- 
uous illustration of such a deflection is found in the Ohio Valley at 
Louisville. The filling with gravel brought down by the river is so 
great as to overspread a shelf of rock on the border of the valley. The 
stream in reexcavating its valley has taken a course a little to the 
north of the deep part of the preglacial line, and thus encountered 
the rock shelf. Similar slight deflections occur on the East White at 
Shoals and at Eockford. The falls on East White at Hindostan, a few 
miles below Shoals, are only in part due to the gravel filling. At that 
point the stream has cut across the neck of an old oxbow, the gravel 
filling being sufficiently high to carry the stream over a low point in 
the ridge that was encircled by the oxbow. This ridge is now cut 
down nearly to the level of the stream bed below the falls, so that 
scarcely 5 feet of descent is made over the rock ledges at low water, 
and the falls are said to be scarcely perceptible at high-water stages. 

The system of underground drainage in the limestone has been so 
complete that surface drainage lines are very poorly developed in sev- 
eral counties of southern Indiana,' notably Harrison, Washington, 
Orange, and Lawrence counties. 
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THE OHIO RIVER SYSTEM. 

Under this system is included the Ohio, on the boundary of Ohio 
and Indiana, and the small streams directly tributary to it above the 
Wabash. The several large tributaries, the Wabash, Great and Little 
Miami, Scioto, Hocking, and Muskingum, are each discussed under a 
separate head. v 

The Ohio River. — A survey of the Ohio River made by the United 
States Army Engineers shows the length of the stream from Pittsburg 
to Cairo to be 967 miles, of which the southern boundary of Ohio occu- 
pies 446 miles, and that of Incjiana 352 miles.^ 

The river presents an interesting series of shoals and riffles, sepa- 
rated by pools in which the water is deeper and the fall very low. 
The summary of the profile made by the Army engineers shows 187 
pools with over 7 feet depth at low water, which occupy 632J miles, an 
average length of 3.47 miles. Of these, 127 pools above Louisville, 
Kentucky, average 2.8 miles, with a total length of 363 miles ^ 60 pools 
below Louisville, with a total length of 266 miles, have an average 
length of 4.4 miles. 

On the border of Ohio the riffles (103 in number) cover a combined 
length of 137 miles and have a total fall of 170 feet. The pools, with 
a combined length of 309 miles, have a fall of 64 feet, or but 2.5 inches 
per mile. The greatest fall noted for a single mile on the border of 
this State is at Letart Falls, Meigs County, where a descent of 3.2 feet 
is made. There are 11 riffles with a descent exceeding 2 feet per mile. 
The least fall reported is in a pool 8 to 15 miles below Gincinnati. 
This pool, with a length of 7 miles, has a fall of but 3.5 inches. 
Another pool with about as low fall is found 23 to 30 miles above Cin- 
cinnati. These are the most conspicuous pools in this section of the 
Ohio. 

On the border of Indiana there are 55 riffles aside from the Louis- 
ville rapids. These show a total fall of 80.28 feet in a combined dis- 
tance of 134.5 miles. At the Louisville rapids there is a fall of 23.09 
feet in 2.25 miles. There is left but 18.13 feet for the fall of the stream 
in about 215 miles embraced in the pools, or only 1 inch per mile. 

In general the rock floor of the valley is 30 to 50 feet below the level 
of the stream at low water. It rarely reaches a lower level than 75 
feet below the stream. Its level is 65 or 75 feet below the stream 
between Evansville, Indiana, and Shawneetown, Illinois. It is thought 
that no place occurs in the whole length of the valley where a rock 
barrier crosses the entire width of the valley at a level so high as the 
present stream. In several places rock shelves extend out part way 
across the river bed, leaving a channel deep enough for the passage of 
boats along the opposite bank. At Letart Falls the rock is stated by 



1 Ex. Doo. No. 72, House of Repreaentativea, Fort j-flnit Congress, third session, January, 1871, pp. 
139.153. 
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citizens to extend acroas the entire breadth of the stream, bat it dips 
toward th« east bank sufficiently to allow the passage of boats when 
the rock of the western part of the stream bed is above the water sur- 
face. It is thought from well data that this descent continuea eastward 
beneath the bottom lands to a level as low as in neighboring parts of 
the channel. Near Baveuswood, West Virginia (see fig, 76), rocky reefs 
are exposed at low water folly half way across the stream bed, but 
wells on the bottom lands near the village show the rock floor to be at 
least 25 feet below the stream at low water. At lionisville it is found 



Fio. TO.— KockledgHBiposudin the bed of the Ohio Siver uppaiit« Bavuiignaiid, Weat Virginia. 
ThamHt BtrikiBg festures tm tlie cbume la and pot hoI«B formed b; the stream nith Iti burdenof 
■adimeDt. Btrin are algo foimd on tbeae ledgea. which are apparenti; due to the aeratchiag by float- 
ing maasM of river ice, for tha Inoalit; is oataide tlie giaclal boandary. The reaemblanae to gUolal 
aliiB la Id places ver; ■UlliiDg. 

by wells and bridge soandiDgs that a channel 25 feet or more lower 
than the present surfoce at the head of the rapids leads soathwestward 
from near the sonth end of the Jeffersonville bridge a short distance 
and then turns westward, passing through the midst of the city.' 
Thus at the side of each of the three most conspicnous rock reefs 
touched by the stream a buried channel apparently occurs. 

Kotwithstanding the great number of riffles and shoals, the Ohio 
River is generally navigable throughout the entire season for small 

>1 bond. 
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boats drawing less than 3 feet of water. It is navigable for vessels 
drawing 6 feet of water during a few months of the early part of the 
season, bat there is usually little traffic with such boats after the month 
of July. The canal constructed at Louisville affords opportunity for 
passing around the rapids during low water. During high- water stages 
the boats are able to pass over the rapids. In fig. 77 the average range 
in the stage of the lower part of the Ohio throughout the year may 
be seen. The diagram is constructed from tables published by the 
United States Weather Bureau.' 

The valley of the Ohio Kiver along the south boundary of Ohio and 
Indiana is very narrow except for a few miles near Louisville, where 
it has expanded itself in the Devonian shales, and in the southwestern 
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Fio. 77.— Diagram of ayerage yearly flnotuations of Ohio and MissiMippi riven. 

portion of Indiana in the Coal Measures. Its narrowness has been a 
subject of remark from the early days of settlement. There are very 
few places between Pittsburg and Louisville where its width exceeds 2 
miles, and usually it is scarcely more than 1 mile wide. In the vicinity 
of Louisville where it crosses the low tract formed in the Devonian 
shales it has a width of perhaps 4 miles, but upon entering the Knob- 
stone escarpment, below the mouth of Salt Eiver, it narrows abruptly 
to a width of about 1 mile, and remains narrow for nearly 100 miles in 
its passage through the hard beds of Eocarboniferous age. It then 
enters the Goal Measures and soon attains a width of 6 or 8 miles, 
which It maintains for much of its course to Cairo. The only exception 
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is found where it passes the elevated ridge below Shawneetown, at 
which place its width is reduced to about 2^ miles. The depth of the 
valley ranges from about 600 feet dowu to scarcely 100 feet, being 
greatest on the border of the "Pan Handle" of West Virginia and 
least in the lower portion of its course. Its depth seldom falls below 
300 feet in the portion above Louisville, and probably averages 450 feet. 
The narrow portion below Louisville is about 300 feet in depth. The 
broad portions at Louisville and in the lower parts of its course are but 
100 to 160 feet in depth. The work done by the river in excavating a 
narrow valley through the elevated districts is apparently commensu- 
rate with that accomplished where it has eroded a wide valley in low 
districts. 

The entire work of the stream, however, is less than should have 
been accomplished by a drainage line of this size in the time since the 
beginning of development of drainage lines. It is far less in propor- 
tion to its size than the work accomplished by the small tributaries 
which enter it from soathern Indiana. The explanation of this meager 
amount of work is found in the enlargement of the Ohio Eiver in recent 
times. Investigations now in progress indicate that several independ- 
ent drainage lines which formerly led northward frokn the Appalachian 
Mountains across southwestern New York, northwestern Pennsylvania, 
and Ohio into the Lake Erie basin, have been united to form the pres- 
ent Ohio. The full extent of these changes is not yet determined, nor 
are all of the outlets for the old river systems satisfactorily traced,- 
but enough is known to justify the statement that the small size of 
the valley of the Ohio is attributable to the recent union of the several 
independent drainage systems. 

Lesser tributaries of the Ohio. — Between the mouth of the Great 
Miami at the east line and the mouth of the Wabash at the west line 
of Indiana there are no large northern tributaries of the Ohio. This is 
owing to the fact that the drainage of the greater part of Indiana is 
westward or southward to the Wabash, instead of southward directly 
to the Ohio. At a point a few miles west of Madison, Indiana, a drain- 
age line heads within 2 miles of the Ohio, and yet leads westward to 
the East White and thence across the State to the Wabash. Nearly 
all the tributaries of the Ohio in southern Indiana head within the 
limits of the counties that border the river, and consequently have a 
length of less than 30 miles. Only two. Blue River and Laughery 
Creek, have a length of 50 miles. In Ohio the four mam northern 
tributaries, Great and Little Miami, Scioto, and Muskingum, absorb 
nearly all the drainage. A few short tributaries head between the 
trunks of these large systems and discharge direct to the Ohio. 

In southwestern Indiana, where the altitude is low, the streams have 
very little fall, and are occupying broad, shallow valleys, which are not 
infrequently tilled to depths of 50 feet or more with marshy alluvium. 
In the more elevated tracts, whose western border is between liockport 
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and CaDiielton, Indiana, the streams present valleys cut to a corre- 
spondingly greater depth. Their bottoms are narrow and well drained, 
the fall of the streams being adequate to give rapid escape for the sur- 
plus rainfall. The streams make a descent of 300 to 500 feet, in many 
cases within a distance of 10 to 20 miles. Notwithstanding this great 
descent there are very few waterfalls. The only notable ones occur in 
southeastern Indiana, where the drift deposits have obstructed the 
preglacial valleys and led to the development of new lines of drainage. 
In the unglaciated portion of southern Indiana and in southern and 
southeastern Ohio there are but few rock rapids, and, so far as the 
writer is aware, no waterfalls. 

The gradients of streams, though steep, show a gradual lessening in 
rate of descent in passing from source to mouth and a general" disregard 
for hardness of strata, such as results only Irom maturing of a drain- 
age system. The rapid rate of descent is not favorable to the develop- 
ment of broad flood plains, yet there is usually a flood plain having 
several times the breadth of the stream bed. In this respect the tribu- 
taries, as noted above, have accomplished more work in proportion to 
their size than the Ohio. It is difficult to realize that the broad valleys 
of southwestern Indiana, 1 or 2 miles in width, were begun at no earlier 
date than the narrower valleys of the higher district, yet such is appar- 
ently the case in the Indiana portion and also in southwestern Ohio. In 
southeastern and southern Ohio changes of drainage, which have 
resulted in an enlargement of the Ohio and a deepening of its valley, 
have caused a deepening of the tributaries and the development of 
gorges. These gorges in the southeast part of Ohio have, at their 
mouths, depths of 150 to 300 feet below the old gradation plains which 
open out into the Ohio at these high levels. 

With the exception of a few streams in southwestern Indiana, these 
small tributaries of the Ohio have water power of considerable value. 
Gristmills, as well as sawmills, utilized this power extensively in the 
early days of settlement, before steam mills were introduced. Blue 
Biver, in southern Indiana, still supplies several gristmills, but on the 
majority of the streams the water power is abandoned. In general 
these small tributaries maintain a good flow throughout the dry season, 
since the limestone and sandstone strata which they have channeled 
often furnish copious springs. In some cases a single spring furnishes 
enough water to run a mill. Harrison spring, a tributary of Blue 
Kiver, near White Cloud, Indiana, furnishes enough water power to 
run both a gristmill and a sawmill. 

In the report on water power of Ohio streams, in the Tenth Census, 
Prof. Dwight Porter furnishes a table showing that the minor tribu- 
taries of the Ohio in that State were at that time supplying 150 mills 
and other manufacturing establishments with a total of 3,266 horse- 
power.^ 



> Tenth Census of the United States, 1880, Vol. XVII, pp. 487, 488. 
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There are coDditioDS unfavorable to the use of water power on x>or- 
tions of several streams in southern Indiana. The limestone belt of 
Harrison and Crawford counties has an extensive subterranean drain- 
age, and it is not rare for a surface stream ix> lose a portion of its water 
through leakage into the subterranean channel. In this way Indian 
Creek, just below Corydon, becomes throughout much of the year 
entirely dry. There is also a disadvantage resulting from the back- 
water of the Ohio. This, however, affects the streams only for a short 
distance near the mouth, and for a few days, or at most a few weeks^ 
of the year. 

THE WABASH RIVER SYSTEM. 

The drainage basin of the Wabash embraces an area of about 33,000 
square miles, distributed as follows: In Ohio, 400 square miles; in 
Indiana, 24,350 square miles; in Illinois, 8,250 square miles. It drains, 
therefore, slightly more than two-thirds of Indiana, the area of the 
State being 35,910 square miles. Of the portion in Indiana, about one- 
half is embraced in the drainage areas of the East and West White 
rivers. By including these drainage areas with the Wabash the entire 
watershed has a nearly symmetrical, broadly ovate form. Not including 
the White Kiver system, the Wabash watershed is an unsym metrical, 
elongated tract, curving around White River. 

But a small part of the Wabash watershed lies outside the glacial 
boundary. The Wabash and West White rivers lie within that 
boundary for their entire length. The East White flows in a glaciated 
region to western Jackson County, but from that point to western 
Martin County is in an unglaciated tract. It enters a drift-covered 
district in its lower course near the corners of Martin, Davis, and 
Dubois counties, but apparently occupies its preglacial valley there, 
as in the unglaciated tract. The greater part of this system being 
within the limits of glaciation, and in a region where the drift coat- 
ing is sufficiently thick to conceal more or less completely the pre- 
glacial valleys, it has been largely developed in interglacial and 
postglacial time. 

Waha^h River. — The valley occupied by the Wabash Eiver has not 
had a uniform development from source to mouth. In its upper part, 
from the source to Huntington, Indiana, the valley has been entirely 
formed by the present stream and is a shallow and narrow trench. At 
Huntington the river enters the old westward outlet of a glacial lake 
that occupied part of the basin of Lake Erie, and which has a valley 
several times as large as that occupied by the Wabash above this point. 
This old lake outlet opened a new or postglacial line of drainage in its 
westward course across Indiana, except for a few miles in the vicinity 
of Lafayette, where it crosses or follows a preglacial valley for a few 
miles. It has been compelled to do considerable excavation in rock 
from Huntington down as far as Covington, and still carries rapids at 
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several points. Below Covington the stream follows very nearly the 
line of a partially filled preglacial valley, and its work has been 
largely the removal of a portion of the glacial deposits left in that 
valley. It makes^ however^ some deflections into the edge of the 
uplands, cutting off points of the bluffs. At such places the channel 
is occasionally in process of excavating rock. The cause for. these 
deflections is not in all cases clear, but it is probable that in the 
majority of cases the filling was such that the stream was free to pass 
across these points, and thus take a more direct course than that of the 
old line around them. In some cases it is possible that the ice sheet 
may have had its eastern edge along the line of the Wabash sufficiently 
long to cause a stream flowing on its border to cut across projecting 
points. 

The length of the' valley occupied by the Wabash is about 450 miles; 
but the length of the stream is fully 500 miles, for the river in its lower 
course makes several oxbow curves within the valley. The source of 
the river is about 1,000 feet above tide, while its mouth at low water is but 
311 feet. The average fall, if we estimate the stream to have a length 
of 500 miles, is therefore about 16^ inches per mile. The rate of descent 
is far from uniform, being much more rapid in the upx>er portion than 
in the lower. There are also many rapids, separated by pools or slug- 
gish portions of the stream. The elevation of the stream is accurately 
determined at many points, but in the absence of a careful measure- 
ment of the length of the stream the rate of fall is only approximately 
known. The section above the point where the river enters the old 
lake outlet, estimated to have a length of 100 miles, has a fall of about 
300 feet, or 3 feet per mile. Eailway levels and canal surveys at the 
point where the river joins the old lake outlet show its elevation to be 
very nearly 700 feet above tide, the altitudes reported varying between 
696 and 699 feet. The canal survey below Huntington shows a fall of 
32 feet to the mouth of the Salamonie, a distance of about 15 miles, 
and a fall of 34 feet between the mouth of the Salamonie and the mouth 
of the Mississinewa, a distance of perhaps 20 miles. In the next 20 
miles, to Logansport, there is a fall qf 50 feet. From Logansport to 
Lafayette, a distance of about 50 miles, there is a fall of 77 feet. ' From 
Lafayette to Attica, a distance of 25 miles, the fall is but 19 feet, and 
from Attica to Covington, a distance of 20 miles, but 17 feet. From 
Covington to Terre Haute, a distance of about 55 miles, there is a fall 
of only 22 feet, this being the lowest gradient for so long a section 
found oji the river. From Terre Haute to the mouth of White Eiver 
an accurate survey by the United States Army engineers shows a fall 
of 71.18 feet in a distance of 122.55 miles, or about 7 inches per mile. 
In this distance there are 13 riffles, each but a fraction of a mile in 
length, which have a combined fall of 17.86 feet These reduce the 
fall of the 120 miles not embraced in the riffles to 53.32 feet, or 6.33 
inches per mile. The greatest fall at a riffle in this section of the 
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Wabash is at Grand Eapids, just aliove the mouth of White Eiver, 
where it amounts to 4.5 feet.^ The fall from the mouth of the White 
is 65 feet in a distance of perhaps 90 miles by the windings of the 
stream. The following table includes the data upon which the above 
statements are made: 

Table of altitudes and distances along Wabiuh River, 



Location. 



Source 

Hantington 

Moath of Salamonle River. . . 
Mouth of Mississinewa River 

Logansport 

Lafayette 

Attica 

Covington 

Terre Haute 

State line 

Hutsonville, Illinois 

Vincennea 

Month of White River 

Gray ville, Illinois 

Mouth of Little Wabash 

Mouth of river 



Estimated 
distance. 



MiUg, 
0.0 

100.0 
15.0 
20.0 
20.0 
50.0 
25.0 
20.0 
55.0 
14.6 
29.0 
46.4 
32.5 
28.0 
46.0 
16.0 



AUitnde. 

Feet. 
1,000.0 
699.0 
667.0 
633.0 
583.0 
506.0 
487.0 
470.0 
447.7 
440.6 
424.6 
398.8 
376.5 
365.0 
323. 
311.0 



Fall per 
mile. 



Inches. 

00.00 

36.00 

25.56 

20.40 

30.00 

18.48 

9.12 

10.20 

4.80 

5.80 

6.60 

6.60 

8.30 

5.00 

ILOO 

9.00 



In the early days of settlement the Wabash Eiver was made use of 
for the shipment of produce down the stream in barges; but upon the 
construction of the Wabash and Brie Canal, which leads from Terre 
Haute up the valley to Huntington and thence up the old lake outlet 
to Fort Wayne and down the Maumee to Toledo, the shipments of the 
upper portion of the valley changed to the eastern seaboard, and the 
shipments down the river were largely discontinued. The river 
has, therefore, been but little used for navigation. It would require 
a great amount of improvement to render it navigable at ordinary 
stages, and the demands of commerce seem at present scarcely to 
justify any outlay. Eailways cross or follow the valley in such a 
manner as to offer the best of facilities for shipment of produce. 

The canal, long used as a means of water transportation, has been 
supplanted by the railroad, but is still partially utilized as a hydraulic 
force. The cities along the Wabash from Huntington to Terre Haute 
may thus, at comparatively slight expense, avail themselves of an 
excellent water power. 



1 Geology of Indiana, Thirteenth Report, 1883, pp. 69 70. 
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Salamonie River, — The Salamonie Biver, a southeastern tributary 
entering the Wabash a few miles above the city of Wabash, has a 
length of about 75 miles. Its source is on the northern slope of the 
elevated limestone district of eastern Indiana, at an altitude of about 
1,000 feet above tide. Throughout the greater part of its course the 
river follows a plain on the south border of the Salamonie moraine. 
Its descent is measured by the descent of the plain, except in the 
lower 40 miles, where it has deepened its channel to enter the old lake 
outlet. Sufficient time has not elapsed since the river began flowing 
for it to form a regular gradient. It can scarcely be said to have 
developed any valley except in the lower 40 miles, the bed of the stream 
in its upper course being selilom more than 20 or 25 feet below the 
bordering plain. The descent from Portland to Montpelier is less 
than 3 feet per mile, but in the 40 miles from Montpelier to the mouth 
the average descent is about 4 feet per mile. 

The Mississinewa River. — The Mississinewa Biver, a southeastern 
tributary entering the Wabash near Peru, has a length of about 100 
miles. Its source is in western Ohio, 10 or 12 miles beyond the State 
line, on the noi-th slope of the elevated limestone district which 
occupies eastern Indiana and western Ohio. At its source the altitude 
is probably 1,100 feet above tide. In the 25 miles from its source to 
Bidgeville, Indiana, the stream has a fall of about 5.5 feet per mile, 
descending with the plain, which it follows on the south border of the 
Mississinewa moraine, and cutting but 15 to 30 feet into the plain. 
From Bidgeville to Marion, a distance of 50 miles, the rate of fall is 
but little more than 3 feet per mile. The stream in this distance has 
deepened its channel slightly, but at Marion is scarcely 50 feet below 
the bordering plain. The most of the work accomplished by the stream 
is in the section between Marion and the mouth, a distance of only 30 
miles. Its fall in this section is about 5.5 feet per mile, or fully as 
great as in the headwaters. The depth of the channel increases from 
about 50 feet at Marion to fully 100 feet in^ the vicinity of its mouth. 
It is excavated mainly in drift, but at some points has extended a few 
feet into the underlying rock strata. 

The lower portion of this stream furnishes water power, which has 
been put to use at several points. 

Uel River, — E^l Biver, a northeastern tributary of the Wabash, enter- 
ing at Logansport, has a length of about 85 miles. Its source is on the 
inner border of the great interlobate moraine a few miles north of Fort 
Wayne, at an elevation of about 850 feet above tide. The average fall of 
the stream is very nearly 3 feet per mile, the elevation of the mouth 
being 583 feet. The following table of distances and elevations is based 
upon Williams's list of altitudes given in the Tenth Beportof the Indiana 
Geological Survey. 

18 GEOL, PT 4 29 
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Altitudes along Eel River, 



Source, about 

Columbia City 

Collamer 

Liberty Mills / 

North Manchester 

Eel River railroad bridge in Miami County 
Mouth, at Logansport 



Difttance 
from moatli. 


Altitude. 


2IUu. 


Fe^t. 


85 


850 


70 


816 


58 


768 


50 


750 


45 


721 


30 


688 





583 







III this stream, as in the Mississinewa and Salamonie, the headwater 
portion has a poorly developed channel and sluggish current. It is 
only in the lower 25 or 30 miles that erosion of any consequence has 
occurred. Even here the valley scarcely exceeds 50 feet in depth. 

Tippecanoe River. — Tippecanoe River is the main northern tributary 
of the Wabash within the State of Indiana. It has a length of about 
125 miles, and drains a belt averaging perhaps 20 miles in width. Its 
source is in the midst of the great interlobate moraine of northeastern 
Indiana, at an elevation of nearly 1,000 feet above tide. It descends 
the northwest face of the moraine from southwestern Noble County 
into Kosciusko County, reaching a level 800 feet above tide north of 
Warsaw. It follows the north border of the moraine a few miles south- 
westward to the point where the Saginaw and Erie moraines become 
differentiated. It then passes through a gap in the Saginaw moraine 
and enters a sandy plain formerly occupied by the waters of the glacial 
lake Kankakee. After traversing this plain a distance of about 60 
miles it leaves the old lake area near Monticello and passes through an 
Erie moraine which follows the northwest border of the Wabash River 
and enters the Wabash from a narrow plain on the inner slope of this 
moraine. 

Although bordered in places by elevated knolls and ridges in the 
upper portion of its course, it has no well-deflned valley, nor has it 
excavated a valley of much depth in the old lake bottom. The main 
excavation occurs in the lower 30 miles of its course, and even here its 
channel is narrow and scarcely reaches 100 feet in depth. In this lower 
portion the rate of fall is about 3 feet per mile. The fall is less in the 
section traversing the old lake bottom, being about 150 feet between 
Rochester and Monticello, a distance of 60 miles. The great fall of the 
upper portion is chiefly made in short sections connecting marshes 
wiiose levels become successively lower in passing down the slope of 
the moraine. 

The lower portion of the stream furnishes water power which has 
been utilized at several points by flouring mills. The source of the 
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Stream being in a region fed by marshes, the run-off is more regular 
than in the case of rivers with better-drained areas which have a rapid 
run-off. It seldom, therefore, reaches a sufficiently low stage to lessen 
the value of the water power. 

Small tributaries of the Wabash between Tippecanoe and White 
rivers. — Below the mouth of the Tippecanoe there are several creeks 
having a length of 35 to 75 miles. One of the longest is Wildcat 
Creek, which enters from the east just above the city of Lafayette. 
This stream has a length of about 75 miles and a fall of fully 400 feet. 
Its course being through a till area where the runoff is rapid and but 
a small portion of the rainfall reaches the stream by percolation, it is 
very irregular inr its volume, being flooded at times of freshet and 
nearly dry in seasons of drought. 

Sugar Creek, another eastern tributary which enters in northern 
Parke County, is also fully 75 miles in length and has a fall of not less 
than 400 feet. The lower course of this stream is in places excavated 
in rock strata to a depth of 50 to 75 feet or more, and furnishes much 
picturesque scenery. Like Wildcat Creek, it is subject to great varia- 
tions in volume because of the rapidity of its run-off. 

Other tributaries worthy of mention are Coal Creek, which enters in 
southern Fountain County, whose length is about 35 miles; Big Pine 
Creek, a northern tributary entering near Williamsport, which has a 
length of about 40 miles; Big Eaccoon Creek, which enters near Monte- 
zuma, in western Parke County, and whose length is not less than 60 
miles; and Busseron Creek, which enters the Wabash about 10 miles 
above Vincennes and has a length of about 35 miles. Two western 
tributaries of the Wabash, Big Vermilion and Little Vermilion rivers, 
enter it within the limits of Indiana, but their drainage basins lie 
almost entirely in Illinois. 

Big Baccoon still furnishes water power for several mills, but steam 
is used part of the year in every instance. Many mills on the streams 
just mentioned have been abandoned. By a judicious system of pond- 
ing they probably would furnish a sufficient amount of water for 
ordinary milling purposes. 

West White River. — The chief tributary of the Wabash is West 
White Biver, which enters it from the east at a point about 90 miles 
from the month. If we include with the West White its entire system 
of drainage it will embrace about one- third of the State of Indiana, or 
an area about as great as that drained by the Wabash and its other 
tributaries within that State. The West White proper, however, 
drains only about one-sixth of the State, the drainage basin of the 
East White, its principal tributary, being nearly as great as that of 
the main river. 

The source of the West White Eiver is in Bandolph County, near the 
east line of the State. The course of the stream is westward to Hamil- 
ton County, a distance of nearly 75 miles, where it turns abruptly 
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southward and leads in a coarse somewhat west of south to the 
Wabash River. 

The length of the valley of this stream is about 275 miles, but this 
does not represent the length of the stream, for in its lower part it 
winds greatly within its valley, adding i>erhaps another hundred miles 
to its length. The estimates given below are, however, based upon the 
length of the valley rather than that of the stream. They indicate the 
condition when the stream is out of bank, as is occasionally the case in 
high- water stages. 

At its source the stream has an elevation of not less than 1,175 feet, 
while at its mouth the elevation is but 375 feet above tide. It has 
therefore an average fall of nearly 3 feet per mile, or* more than double 
the average fall of the Wabash River, and about five times the rate of 
fall of the portion of the Ohio along the south boundary of the State. 
In its upper 15 miles the fall is estimated to be about 8 feet per mile, in 
the next 25 miles about 6 feet, and in the succeeding 20 miles about 5 
feet, making a fall of 375 feet in a distance of 60 miles, which is reached 
near the city of Anderson. Below Anderson the fall for the 50 miles 
to Indianapolis is nearly 2^ feet per mile. Below Indianapolis, for 
about 30 miles, the fall exceeds 3 feet per mile. In the remaining 130 
miles of its course there is a fall of but 185 feet, or slightly less than 1^ 
feet per mile. 

With such a rapid fall and with the large volume of water which is 
carried by this stream excellent advantages are afforded for the use of 
water power. But so far as the writer could ascertain there are no 
mills in use below Indianapolis, and those on the headwaters are gen- 
erally idle. The headwater portion of this stream leads through the 
midst of the natural-gas belt of Indiana, where fuel for manufacturing 
or milling purposes can be obtained at such slight expense that water 
power is no cheaper; indeed, it is more expensive sometimes to keep 
the dams in order than to obtain the gas for fuel. Should the supply 
of gas greatly decrease and the cost of obtaining it become greater than 
that of keeping the dams in repair there will naturally be a return to 
the use of the water power. 

This stream, like the Wabash, can not be navigated except in flood 
stages, unless expensive improvements are made. It has in part a 
rocky bottom, a feature which would make improvement of the channel 
expensive, as would also the rapid fall. 

Aside from its main tributary, East White River, there are but two 
tributaries of White River which exceed 50 miles in length, namely. 
Fall Creek, an eastern tributary entering just above Indianapolis, and 
Eel River, a western tributary entering at Worthington, in northern 
Greene County.' There are several tributaries with a length pf over 
20 miles, as follows: Pipe Creek, which drains northern Madison 



1 This river should be distinguished from ft stream of the same name entering the Wabash at 
Logansport. 
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Oounty, length about 25 miles; Dack Creek, draining the district 
immediately west of Pipe Creek, length 20 to 25 miles; Cicero Creek, 
draining southern Tipton and northern Hamilton counties, length about 
30 miles; Eagle Creek, draining southeastern Boone and northwestern 
Marion counties, length about 40 miles; Lick Creek, draining eastern 
Hendricks and Northern Morgan counties, length about 30 miles ; Indian 
Creek, draining southwestern Johnson and southern Morgan counties, 
length 20 to 25 miles; Beanblossom Creek, draining northern Brown 
and northern Monroe counties, length. about 45 miles; Eichland Creek, 
draining northeastern Greene County, length about 25 miles. 

Fall Creek has an elevation at its source of at least 1,000 feet and 
at its mouth of about 700 feet. Fully half of the 300 feet of descent is 
made in the upper 20 miles, leaving a fall of 150 feet for the lower 40 
miles. 

Eel Eiver has a length of nearly 100 miles. Its east fork, known 
as Mill Creek, is about 40 miles in length, and its west fork, known as 
Walnut Creek, iiilly 50 miles. Below the junction of these forks the 
stream has a length of about 45 miles, if the minor windings of the 
channel are disregarded. This stream in the early days of settlement 
furnished water power for several mills, but with the building of rail- 
ways and establishment of steam mills at the villages the water power 
has gradually gone into disuse. 

Uast White River, — This large tributary enters the West or main 
White Eiver about 40 miles above its mouth. It drains the district 
immediately east of that drained by the main river and has an area 
nearly as great, there being about one-sixth of the State tributary to it. 

The headwater portion above Columbus, Indiana, is usually known 
by the name of Blue Eiver, the name East White being applied to the 
stream below its junction with Flatrock Creek at that city. The name 
Driftwood is also applied to the lower portion of the river. Inasmuch 
as there is another stream within the State called Blue Eiver, it is 
unfortunate that this name is applied to the headwater portion of East. 
White. 

The upx>er half of the drainage basin of the East White Eiver lies 
within the glaciated districts of eastern and southeastern Indiana. 
The streams find their sources in the elevated Niagara limestone belt, in 
the eastern part of the State, and descend rapidly westward to the 
Devonian shale area. The main stream leads through the western part 
of the drainage basin, and hence receives nearly all its tributaries from 
the east. The drainage system is, therefore, very uusymmetrical. 

Although these headwater tributaries make a great descent in pass- 
ing from the Niagara down to the basin of Devonian shale, they have 
carved very insignificant channels. The valleys are usually so shallow 
that their bridges may be seen for miles back from the borders of the 
streams. A portion of the Muscatatuck drainage system is, however, 
characterized by deeper channels, a feature which is probably attribu- 
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table to tlie greater age of that system. It lies outside the limits of 
the newer drift, while the principal tributaries of the East White far- 
ther north flow, throughout most of their course, within the limits of 
the newer drift sheet.^ 

The northern tributaries, Blue Eiver and Flatrock Creek, have their 
sources in northeastern Henry County at an elevation of about 1 ,100 
feet above tide. They make a descent of about 500 feet in the 100 miles 
from their source to the junction at Columbus, an average fall of about 
5 feet per mile. In the lower 35 miles of its course, from Shelbyville 
to Columbus, Blue River has a fall of about 4^ feet per mile, nearly as 
great as the fall of the headwater portion above Shelbyville. From 
Columbus to the mouth of the Muscatatuck, a distance of 55 miles, the 
average fall is very nearly 20 inches per mile. In the remaining 125 
miles, where the stream is flowing in a preglacial valley, the fall is 
about 10 inches per mile. In this portion there are, however, occa- 
sional riffles and rapids in which a descent of several feet is made 
within a mile. The most conspicuous of these rapids is at Hindostan, 
where a fall of about 5 feet occurs. At this point the stream, as 
already noted, has cut off an old oxbow and is excavating the rock in 
the ridge encircled by the oxbow. 

The Muscatatuck River, in its lower 25 miles, has very little fall com- 
pared with that of the neighboring section on East White River. At 
the railway crossing south of Seymour the bed of the Muscatatuck is 
40 feet lower than at the crossing on the East White immediately north 
of Seymour. This difference in gradient is due to a filling of the East 
White Valley by deposits of gravel at the later ice invasion. As the 
Muscatatuck drainage system lies outside the limits of this later ice 
invasion or the reach of its waters, its valley remains unfilled. The 
fall on the lower 25 miles of the Muscatatuck is apparently not more 
than 10 feet, while on East White River, in the 25 miles above the 
mouth of the Muscatatuck, there is a fall of about 50 feet. 
• The portion of the East White River Valley lying within the ungla- 
ciated districts of southern Indiana is cut to a comparatively low 
gradient, notwithstanding the hard rock formations through which its 
course is carved. The valley at present is silted up to a height of per- 
haps 100 feet above the preglacial rock floor. The blufl's rise 200 to 
300 feet or more above the present valley bottom, thus giving the pre- 
glacial valley a depth of 300 to 400 feet. Notwithstanding this great 
depth and the hardness of the formation, the width of the valley is 
seldom reduced to less than one- third mile, and probably averages more 
than one-half mile between rock bluffs. The valley of this stream, 
like that of the Ohio in the corresponding section, presents a series of 
oxbow curves, with very little straight channeling. 

Within this unglaciated portion the East White receives one imi)or- 



'See Third Aun. Kept. TJ. S. Geol. Survey, pp. 333-334, for discussion of the extent of the newer 
drift; also the present paper, pp. 434^438. 
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tant northern tributary, Salt Greek. This stream has a length of aboat 
60 miles from its headwaters, in Brown County, to its mouth, near Bed- 
ford, m Lawrence County. It drains the greater part of the elevated 
district in Brown, Jackson, Monroe, and Lawrence counties. In its 
headwater portions, in Brown County, it has valleys cut to a depth of 
30(1 and occasionally 500 feet below the level of the neighboring hills, 
and has developed a dendritic system of drainage strikingly in contrast 
with the irregular aud unsymmetrical drainage systems of the streams 
within the drift- covered regions to the north and east. At its head- 
waters the valleys have been filled to a marked degree by deposits of 
8nnd and gravel made by streams issuing from the edge of the ice which 
for a time overhung the northern portion of Brown County. The val- 
ley is apparently filled to neaa-ly as great an extent as the portion of the 
East White with which it connects. Its rate of fall is more rapid than 
that of the East White, but is less rapid than that of some of the large 
streams of the glaciated district. The fall of the north fork from Nash- 
ville, a few miles from its source, to tlie mouth of the stream is only 
about 150 feet, or scarcely more than 3 feet pep mile. 

Lost Eiver, a tributary entering East White River from the east, in 
southern Martin County, has a length of about 50 miles. The peculiar 
subterranean drainage of a portion of this stream is discussed below 
(p. 483). It has a very narrow drainage basin compared with that of 
Salt Creek. 

It is reported that the*East White River was navigated in the 
early days of settlement by small boats and barges as far up as Hin- 
dostau, a distance of about 40 miles from its mouth, the valuable quar- 
ries at Hindostan being the incentive for carrying navigation to this 
point. Navigation is, however, difficult except at times of high water, 
and the raiPVray facilities now offered make it unnecessary to attempt it 

East White River and many of its tributaries furnish a large amount 
of available water power, of which at present very little use is made. 
At several points mills have been abandoned and the dams removed. 
It should be noted, however, that on some of the small tributaries mills 
are still in successful operation. Thus on Boggs Creek, a small north- 
ern tributary entering just below Shoals, a small gristmill is run entirely 
by water power. As this creek has a drainage basin above the mill 
site with an area of less than 75 square miles, the amount of water 
available for water i)ower is rather unusual. The supply is, however, 
largely from springs along its course. On Lost River there is a mill 
known as the Wagner Mill, located at Windom, which is run entirely 
by water power. 

Many mills were constructed on the headwater portions of the East 
White drainage system, but only a few are now in operation. Some of 
these mills are said to have furnished products that have gained a con- 
tinental reputation, having found a market in Europe as well as tliis 
country.^ 

^ Eleventh Ann. Kept. Indiana Geol. Survey, 1881, p. 210. 
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Patoka River. — The Patoka River drains a narrow belt along the 
south border of the drainage basin . of the East Whit^ Biver. The 
stream has a length of over 100 miles, bat its drainage basin nowhere 
exceeds 20 miles in width. Its soorce is in the hills of the Chester 
sandstone and millstone grit in sonthem Orange Oonnty, at an altitude 
of abont 800 feet. Its mouth is just below that of White River, at an 
elevation of 375 feet above tide. This valley has not been personally 
visited, but is reported to have a remarkable breadth for so small a- 
stream.^ It is also reported to have a very sluggish stream in its lower 
course, through Gibson County. 

WHITEWATER RIVER SYSTEM. 

Several streams which have their sources in a moraine in southern 
Randolph County, Indiana, and southwestern Darke County, Ohio, 
converge southward to form the Whitewater River. These are known as 
West Fork, Martindale Fork, Greens Fork, Nolan ds Fork, and East Fork. 
The first four become united between Cambridge City and Connersville 
to form the West Whitewater; the fifth (East Fork) unites with the 
West Whitewater at Brookville. The area of the Whitewater drainage 
basin is about 1,500 square miles. The headwater portions for 15 to 20 
miles ar& flowing in channels cut in the drift. The East Fork then, 
near Richmond, enters the rock, and has carved its course partly in 
rock from that point to Brookville. The West Fork encounters rock 
only at a few points. Below Connersville if is in a partially filled pre- 
glacial valley with broad bottom and elevated uplands on either side. 

The West Fork, with its several headwaters, constituted an important 
line of drainage for the waters from the ice sheet at the time the moraine 
above referred to was forming, and probably also at earlier stages in 
the Glacial period. It is in consequence a gravel-filled vallSy, and the 
work of the present stream has been merely the removal of a small por- 
tion of these gravel deposits. Above Cambridge it has cut scarcely 20 
feet into these deposits. . The depth gradually increases southward to 
Brookville. At Brookville and below that city it has formed a channel 
60 to 75 feet in depth. The surface of the gravel deposits had a south- 
ward descent amounting to not less than 6 feet per mile throughout 
the entire length of the stream ; in the headwater portion above Cam- 
bridge it was nearly 10 feet per mile. From Cambridge to the State 
line at Harrison, Ohio, a distance of scarcely 70 miles, the gravel 
deposits have a descent of 350 feet, or fully 5 feet per mile. The present 
stream, having cut about 50 feet deeper into the gravel deposits at 
Harrison than at Cambridge, has a fall of nearly 6 feet per mile. 

The Whitewater Valley Canal, leading from the Ohio River at Law- 
renceburg to Hagerstown, only 20 miles from the head of the West 
Fork, was for many years an important line of transportation and also 
a valuable hydraulic force. The catial is no longer used for navigation. 



» Fonrth Ann. Kept. Indiana Geol. Survey, 1872, p. 239; Fifth Ann. Kept., 1873, p. 397. 
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having been supplanted by the Whitewater Valley Eailway. The water 
power is at present used only along a small portion of the canal. The 
great advantage for water power here offered should be more generally 
used by the cities located in this valley. 

GREAT MIAMI RIVER SYSTEM. 

The Great Miami is the main system of southwestern Ohio. Exclu- 
sive of the Whitewater, it has a drainage area of nearly 4,000 square 
miles, or about one-tenth of the State of Ohio. Its headwaters are at 
the continental watershed, and it drains the greater part of the Cin- 
cinnati arch from that watershed south to the Ohio Biver. One of the 
eastern tributaries. Mad River, heads in the elevated tract near Belle- 
fontaine, at an elevation of fully 1,200 feet above tide. The other head- 
waters, except the Whitewater, have their sources at an elevation of 
about 1,000 feet. The Whitewater, as noted above, rises in the higher 
part of eastern Indiana, at an elevation of nearly 1,200 feet. 

The valleys of the headwaters as far down as the vicinity of Dajrtoh 
are narrow and comparatively shallow postglacial channels, with 
courses independent of preglacial drainage lines. Mad Biver, it is 
true, occupies a broad trough-like valley, but on its borders are moraines 
which cause most of the relief, the bluffs being generally but 20 or 30 
feet high. Below Dayton the Miami and some of its tributaries occupy 
preglacial lines which are only partially filled with glacial deposits. 
The work of the present streams has been in the main a reexcavation 
of the valleys. In this work they have fallen far short of reaching the 
old rock floors, which lie 100 to 200 feet below their beds. The depth 
of this reexcavation is but 50 to 100 feet, and the width is but a small 
fraction of that of the old valley, seldom so much as one-fourth as 
great. The contrast between the southern and the northern portion of 
this drainage basin therefore is not found in the work of the present 
streams, but is due to the less complete concealment of preglacial 
drainage lines. 

The fall of the Miami is rapid throughout its entire length, being 
seldom less than 3 feet and usually over 4 feet per mile. The streams 
in this drainage system seldom reach a very low stage in seasons of 
drought, for the valleys are usually filled with gravelly or sandy deposits 
which furnish strong springs. Even in the small tributaries, water- 
bearing beds outcrop along the banks or bluffs. 

This stream and several of its tributaries afford valuable water power, 
the utilization of which is discussed by Prof. Dwight Porter in the 
Tenth Census Beport.^ From this report it appears that a total of 
9,431 horsepower was used in 1880 by 290 mills, manufactories, etc., on 
the Miami and its tributaries, including Whitewater Biver. 



' Tenth CensuH of United States, 1880, Vol. XVII, pp. 478-487. 
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LITTLE MIAMI RIVER SYSTEM. 

The Little Miami drainage basin lies immediately southeast of the 
Great Miami. It is much less extensive, the area being less than 2,000 
and probably not more than 1,850 square miles. The source of the 
main stream is a few miles southeast of Springfield, and the mouth is 
just east of Cincinnati, the length of the stream being scarcely 100 
miles. The East Fork has its source a few miles north of Hillsboro, 
and joins the main stream just above its mouth. 

This stream and its tributaries have courses through areas of thin 
drift, and, in consequence, are generally bordered by rocky bluffs. The 
headwater portions have shallow valleys, but the lower portion of the 
main stream, from a few miles below Xenia to tbe mouth, occupies a 
valley 200 to 300 feet or more in depth. This deep portion apparently 
unites two or more independent preglacial valleys. The tributaries 
are generally in shallow valleys to within a few miles of the main 
stream The stream as a rule falls at the rate of 3 to 6 feet per mile. 
The headwaters of the main stream are fed by numerous springs issuing 
both from the rock and from gravelly drift beds. The lower course and 
the East Fork, with its tributaries, are not so well favored by springs, 
for they traverse the shale beds of the Hudson Eiver group, and the 
coating of drift is mainly till. 

The main stream with its headwater tributaries fornishes considerable 
water power, but the remainder of the drainage system is rather unre- 
liable. A table of statistics concerning the utilization of water power 
on the Little Miami and tributaries appears in Pj^ofessor Porter's report 
above cited. At the time the report was made (1880) 59 mills and 
manufacturing establishments were using 1,947 horsepower. 

THE SCIOTO RIVER SYSTEM. 

This river system drains a strip of land 10 to 50 miles in width and 
about 170 miles in length, mainly in the west-central portion of Ohio, 
and discharges into the Ohio Eiver at Portsmouth. The main stream 
has a length, including its curves, of about 210 miles, and with its sev- 
eral tributaries drains an area of 6,400 square miles. The following 
table of drainage areas of the Scioto and tributaries is taken from 
Professor Porter's report.* 

Drainage area of tlw Scioto and tributaries. 

Sq. milea. 

Olentangy River i547 

Big Walnut Creek 513 

Darby Creek 592 

Deer Creek 423 

North Paint Creek 236 

Main Paint Creek 857 

Scioto River above Columbns 1, 139 

Scioto River 6, 400 

I Tenth CeDsua of the United StateB, 1880, Vol. XYII, p. 477. 
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The source of the main stream is in eastern Auglaize County, at an 
altitude of about 1,060 feet. For nearly 60 miles its course is eastward 
into the Scioto basin, and in that distance it falls to about 900 feet, or 
only 2^ feet per mile. It then turns south and traverses the central 
portion of the Scioto basin. In the 40 miles from the bend of the river 
to Columbus the fall is about 5 feet per mile, a descent of 200 feet being 
made. From Columbus to the mouth, a distance of 110 miles, there is 
an average fall of about 2 feet. 

The source of one of the headwater western tributaries, Bush Creek, 
is much higher than that of the main stream, being nearly 1,300 feet 
above tide. Some of the eastern tributanes have sources nearly 1,200 
feet above tide. 

The valleys of the Scioto and tributaries as far down as Oircleville 
are postglacial, and are shallow and narrow, the depth seldom reach- 
ing 50 feet and the width seldom exceeding one-fourth of a mile. Paint 
Creek from Bainbridge eastward nearly to Chillicothe occupies a pre- 
glacial valley al)out a mile in width and 300 feet in depth. Before 
joining the Scioto, however, it turns into a narrow channel in the 
south bluflf.* A short distance below Chillicothe the hills close in on 
the Scioto on both sides, and the remainder of its course is through a 
deep valley bordered by hills 400 feet or more in height. This deep 
valley was but partially filled by the gravelly drift carried southward 
from the ice sheet. In this drift the present stream has cut an insig- 
nificant valley one-fourth to one-half mile wide and 50 to 75 feet in 
depth. The preglacial drainage was northward from eastern Ken- 
tucky and from the Kanawha system of West Virginia into the Scioto 
basin along an abandoned channel a few miles east of the Scioto, from 
Wheelersburg to Waverly, Ohio, as indicated on the glacial map 
(PI. XXXVI). The preglacial drainage along the Scioto Valley from 
Portsmouth northward was apparently the reverse of the present, but 
this matter needs further Investigation. 

There is a less regular flow in the streams of this basin than in those 
of the Great Miami. This difference is due to the more compact soil of 
the Scioto basin and to consequent freer escape of the rainfall. From 
Clrcleville to the mouth of the Scioto, however, the course of the stream 
is through a belt of gravel which tends to equalize the flow. The 
headwater portion of the main stream has poor drainage, owing to the 
slight fall, and marshes tend to give that portion a regular flow. 

Professor Porter's report on water power of the Scioto and tributaries 
indicates that the main stream has been utilized less than some of the 
tributaries. The mills reported on the main stream are confined to the 
rapidly descending portion in Delaware and Franklin counties above 
Columbus. There were at that time (1880) 8 flouring mills, which 
utilized 202 horsepower. On the tributaries 103 mills of various kinds 
(flouring, saw, woolen, paper, etc.) utilized 2,731 horsepower. 



1 See Profeasor Orton's deecripUon of Paint Creek Valley: Geology of Ohio, Vol. II, pp. 653-655. 
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HOCKING RIVER SYSTEM. 

This small river system bas its headwaters in the east border of the 
Scioto basin, near Lancaster, and connects with the Ohio at Hocking- 
port, a few miles below Parkersburg, West Virginia. It embraces an 
area of only 1,200 square miles, and the length of the main stream is 
scarcely 100 miles. It is possible that the present valley has been 
formed by the union of several small independent preglacial streams, 
but insufficient study has been given it to warrant full interpretation. 

The valley of the main stream is gravel-filled throughout much of its 
length, as are also valleys of tributaries which head within the glacial 
boundary. Tributaries outside the glacial boundary, such as Sunday 
Greek, have silt filling. Owing to gravelly deposits and to springs 
from sandstone strata, which form the bordering bluffs, this stream 
maintains a fair flow through seasons of drought. 

The fall of the stream is about 250 feet between Lancaster and the 
mouth, a distance of about 90 miles. Of this fall nearly 100 feet is 
made in about 25 miles below Lancaster. Professor Porter reports 18 
mills on this stream and its tributaries, utilizing 451 horsepower. 

MUSKINGUM RIVER SYSTEM. 

The Muskingum Eiver drains the greater part of eastern Ohio and 
has an area estimated by Professor Porter at 7,740 square miles. The 
name Muskingum is applied only to the lower portion, below the junc- 
tion of the Tuscarawas and Walhonding rivers, a length of 109 miles. 
From the sources of the Walhonding aud Tuscarawas to their junction is 
a distance of 100 miles, thus giving the basin a length of 200 miles, or 
about as gi:eat as that of the Scioto. It is a broadly branching drain- 
age system at the north with an extreme width of about 100 miles. At 
the south it receives few tributaries, there being none of importance 
below Zanesville. 

The following estimates of the areas of the drainage basins are taken 
from Professor Porter's report: 

Drainage areas of Muskingum Biver and iU trihutariee, 

Sq. miles. 

Walhonding River 2,159 

Tuscarawas River 2, 547 

Wills Creek 815 

Licking River 703 

Muskingum and tribataries below Zanesville 1, 175 

Total area of Mnskingam system 7, 740 

The present system of drainage departs greatly from the preglaciai 
system. Not only have changes occurred in the glaciated district, which 
encroaches on the north and west borders of this drainage system, but 
also in the course of discharge for the main river. Prof. W. G. Tight 
has shown that this drainage system is connected with the Scioto sys- 
tem by a broad valley leading from Dresden (a few miles above Zanes- 
ville) westward past l^ewark to the Licking reservoir and thence into 
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the Scioto basin north of Oirdeville.^ It is thought by Professor Tight 
that theMuskingam discharged through this valley to the Scioto basin. 
The available data, however, do not, in the present writer^s opinion, 
make it clear whether the direction of flow was from the Muskingum 
to the Scioto or from the Scioto to the Muskingum. The deep and 
broad channeling of the Guyah.oga at Cleveland recently brought to 
notice by Mr. Warren Upham' and the great thickness of drift In the 
lowlands on the present watershed between the Tuscarawas and Cuya- 
hoga, showing a rock floor there as low as the surface of Lake Erie, 
opens the questiou of a possible northward discharge for the Muskin- 
gum, which would carry with it the Scioto. The present southward 
course from Zanesville is evidently but recently opened, the valley 
being very narrow compared with the abandoned valley or with the 
valleys of several main tributaries, and there being a higher rock floor 
than in portions of the drainage system farther north. The present 
writer, as well as Professor Tight, places the old divide between the 
Muskingum system and a small stream leading to the Ohio, at a point 
near the line of Muskingum and Morgan counties. 

Numerous changes of drainage have occurred in the glaciated portion 
of the drainage system, only a few of which have been sufficiently 
examined to justify an interpretation. The changes are easily recog- 
nized, for the streams turn from broad valleys filled with drift deposits 
and pass' into narrow ones, where they are now cutting into the rock 
floor. One of the most conspicuous instances of such a change is found 
in Owl Greek, which formerly discharged southward through the broad 
drift-filled valley traversed by the Baltimore and Ohio Railway between 
Mount Vernon and Newark, but which now turns east and soon enters 
a narrow gorge with rocky rapids, through which it passes to the Wal- 
bonding. 

The glacial deposits have been transported down the valleys far 
beyond the limits of the ice sheet, and have filled them greatly. From 
Zanesville southward, where the stream is in a new course, the filling 
amounts to but 75 or 100 feet, but from that city northward it increases 
rapidly, soon reaching 200 feet, while at the present continental water- 
shed, near the head of the Tuscarawas, it is fully 400 feet. Notwith- 
standing this greatly increased filling toward the north, the gradient 
of the streams is not high, the fall being less on the Tuscarawas than 
on the Scioto and Miami rivers. From the canal summit, near the 
head of the Tuscarawas, to the junction of the Tuscarawas and Wal- 
honding there is a fall of about 3 feet per mile, and from the junction 
to the mouth of the Muskingum about 1^ feet per mile. On the Wal- 
honding the descent is more rapid, as its headwaters, near Mansfield, 
are about 400 to 450 feet above the level of the stream at its junction 
with the Tuscarawas. 

The effect of the glacial filling is extended into certain valleys which 



' Bull. Dennison rniveraity, Granville, Ohio. Vol. VIII. 18W, part 2, pp. 35-62. 
*Ball. Geol. Soo. America, Vol. VIII, December, 1896, pp. 7-13. 
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were not lines of discharge for the glacial waters. Thus on Wills 
Greek and its tributaries, and on the tributaries of the Tuscarawas 
which enter from .the southeast, there are silt deposits which so fill the 
lower courses of the valleys as to give them a very slight fall. Itiias 
been noted that these streams are laboring at a great disadvantage 
because of the extremely low gradient. Precise measurements are not 
at hand, but it is known that in some cases they have long stretches 
in which the fall is but an inch or two per mile, and the average fall, 
except for a few miles at the sources of the streams, will scarcely 
exceed 1 foot per mile. 

The run-off from the portion of this drainage basin above Zanesville 
has been carefully gaged at that city for the past nine years, gage read- 
ings having been taken four times per day. Capt. H. M. Chittenden, 
of the United {States Army Engineers, has had the record carefully 
worked up from December 1, 1887, to November 30, 1895, and has found 
that the mean run-off for the eight years amounts to 13 inches per 
annum, or about 33 per cent of the rainfall. In the three driest years — 
1889, 1894, and 1895 — it was reduced to 7^ inches per annum, which is 
22 per cent of the mean rainfall for those years. These results, together 
with diagrams showing curves for rainfall and run-off each year, are. 
presented in his recent report to the Chief of Engineers.^ 

The following table taken from Captain Chittenden's report gives the 
monthly mean for the eight years and for the three dry years 1889, 
1894, and 1895: 

Table showing rainfall and run-off in the Muskingum drainage basin above Zanesville^ 

Ohio, 



Month. 



Mean for eight vearH i Mean for three dry yean 
188ft-18»5. 



i 1889, 1894, and 1895. 



Rainfall. 



Run-off. 



December . 
January... 
February . 

March 

April 

May 

June 

July 

August 

September 
October . . . 
November . 



Total 

Percentage 



Inches. 
2.34 
3.27 
3.34 
2.85 
2.69 
4.33 
4.42 
3.85 
3.25 
3.22 
2.87 
3.22 



Rainfall. Run-off. 



Inches. 
0.821 
1.605 
2.529 
1.907 
1.274 
1.42G 
0.870 
0.467 
0.338 
0.488 
0.502 
0.778 



Inches. 
2.37 
3.24 
1.80 
1.93 
2.15 
3.02 
3.26 
3.21 
3.13 
3.56 
1 97 
3.44 



Inehet. 
0.910 
1. 521 
1.241 
1.104 
0.739 
0.371 
0.349 
0.296 
0.148 
0.140 
0. 105 
0. 334 



39. 65 I 13. 005 
33 



33. 08 , 7. 258 
22 



1 Survey of the Miami and Erie Canal, etc., by Capt Hiram M. Chittenden, Corps of Engineers, U. S. 
Army, House Doc. No. 278, Fifty-fourth Congress, first session, 1896, pp. 41-43. 
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The available water power on the main river from Zanesville to tlie 
luoutb is restricted to the sites of the Government dams, ten in num- 
ber, made for the purpose of affording slack-water navigation, and 
which embrace a fall of 103 feet. But a small portion of the power 
afforded by these dams is at present utilized. Professor Porter's report 
shows the utilized power of the Muskingum and tributaries in 1880 to 
have been 7,066 horsepower, of which only 1,165 horsepower were on 
the main stream. 

BEAVER RIVER SYSTEM. 

The Beaver Biver, formed by the junction of the Shenango and Mahon- 
ing rivers, although situated in Pennsylvania, affords a line of dis- 
charge for the portion of eastern Ohio drained by the Mahoning and 
some of the headwaters of the Shenango. Of the 3,000 square miles of 
its drainage area, about 1,200 square miles are in Ohio, and of this 
perhaps 1,000 square miles are tributary to the Mahoning. 

The Mahoning leads northward from it-s source in Columbiana County 
to near Warren, Ohio, where it makes an abrupt turn to the southeast. 
From this bend the deeply drift-filled Grand River basin leads northward 
to Lake Erie. This basin, as noted above, apparently afforded a north- 
ward discharge in pre-Glacial times for a large part of the upper Ohio 
system aside from the Mahoning.^ The old line of drainage of the upper 
Ohio followed the Ohio from Pittsburg to Beaver, Pennsylvania, and 
then followed the Beaver (reversed) to the junction of the Shenango 
and Mahoning. It then appears to have crossed the narrow neck of 
land between these streams to the Shenango at Harbor Bridge, Penn- 
sylvania, and followed the Shenango (reversed) to Sharon, Pennsylvania, 
from which point it passed southwest through an abandoned valley, 
utilized by the Lake Shore and Michigan Southern and Erie railways, 
to Youngstown, Ohio, and thence northward along the Mahoning 
(reversed) to the Grand Biver basin. The present Mahoning below 
Toungstown crosses an old divide, but takes a much more direct course 
than that of the prelacial line. 

The fall on the Mahoning from Alliance to the bend near Warren is 
about 160 feet in a distance of 40 miles. From the bend of tlie Mahon- 
ing to its junction with the Shenango the fall is about 100 feet in a dis- 
tance of 35 miles. The fall of the Beaver from this junction to its 
month, a distance of 25 miles, is also about 100 feet. Of this fully 50 
feet occurs in the lower 4 miles, leaving the remainder of its course a 
rather sluggish stream. The Shenango falls about 200 feet in 56 miles 
from Jamestown, Pennsylvania, to its junction with th^ Mahoning. 

The lower course of Beaver River affords valuable water power, which 
has been largely utilized. The fiow is estimated to reach a minimum of 



'See P.Max FoHhay, Am. Jour. Sci., November, 1890; T. C. Chamberlain and Frank Leverott, ibid., 
Aprl!, 1804; I.C.White, Am. Geologist, December, 1896. 
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300 feet per second in the low water of a dry year and 450 in the low 
water of an average year. There is thought to be available for ten 
months an average of 700 feet per second. Nearly 40 feet fall is avail- 
able, without much detrimental influence from backwater on the Ohio. 
The Mahoning, Shenango, Oonnoquenessing, and Neshannock each 
furnish water power, which has been extensively utilized, and smaller 
tributaries have also furnished power for a few mills. The Shenango 
and Neshannock drain districts in which the drift is gravelly and the 
flow regular. The Gonnoquenessing drainage basin is partly outside 
the glacial boundary, but is fed by numerous springs and thus rendered 
regular. The Mahoning drains a district with clayey drift, in which 
run-off is more irregular than in the other tributaries. Professor Por- 
ter reports, however, that it supplies power for 5 gristmills. Its tribu. 
taries also are rex>orted to supply 5 gristmills. The Shenango, at the 
time of Professor Porter^s report (1880), supplied 4 gristmills and its 
tributaries 5; the Keshannock supplied 2, and the Gonnoquenessing 
and tributaries supplied 4. In addition to gristmills, numerous saw- 
mills, tanneries, or other establishments made use of water power. 

TRIBUTARIES OF LAKE ERIE. 

The portion of Ohio north of the continental divide, embracing an 
estimated area of 12,000 square miles, together with an area of about 
1,000 square miles in northeastern Indiana, discharges its waters to 
Lake Erie. Attention has been called to the former northward dis- 
charge of much of the present Ohio system to the Lake Erie basin, an 
area several times as great as that of the present tributaries. The 
present water-parting between tributaries of Lake Erie and. of the Ohio 
has its position largely determined by drift deposits, there being, as 
noted above, a system of moraines occupying much of this water, 
parting. There are probably but few points at which the present 
water parting is coincident with the preglacial water-parting. 

The streams draining to Lake Erie are in several instances known as 
rivers, but such streams in other localities are usually termed creeks. 
In but three instances do these streams have a length exceeding 50 
miles. Since they have their source in the continental divide, at eleva- 
tions of 900 to 1,200 feet above tide, and the level of Lake Erie is but 
573 feet, the fall is necessarily great. In the majority of them it aver 
ages not less than 10 feet per mile. The streams of northwestern Ohio 
and northeastern Indiana, however, because of their length and the low 
altitude of the divide in that region, have a much lower rate of fall, a 
rate not greatly different from that of tributaries of the Ohio. One 
of the streams, as indicated below, has notable falls, and several of 
them have small falls and rapids. The following table indicates the 
average rate of descent of the more important streams. 



UBVBRSTT.] 



TRIBUTARIES OP LAKE ERIE. 



465 



Table shotcing rafe of descent of tributaries of Lake Erie. 



Conneaat Creek 

Grand River 

Chagrin River 

Cuyahoga River (above falls). .. 

Cayahoga River (at falls) 

Cuyahoga River (below falls) . . . 

Rocky River 

Black River 

Vermilion River 

Huron River 

Sandusky River 

Maumee River 

Auglaize River 

St. Mary River 

St. Joseph- of- the-Maumee River 



Altitude 

of BOiirre 

above tide. 


Eetimated 
length. 


Fall per 
mile. 


Feet. 


Iftlef. 


Feet. 


1,080 


40 


12.67 


900 


50 


6.54 


1,200 


35 


17.9 


1,200 


48 


4.5 


985 


2 


110.0 


765 


35 


5.5 


1,100 


30 


17.6 


1,100 


50 


10.5 


1,200 


45 


14.0 


1,100 


40 


13.2 


1,150 


90 


6.4 


737 


150 


1.1 


1,000 


74 


.4.4 


975 


100 


2.38 


1,050 


100 


3.13 



Conneaut Creek. — CoDneaut Greek finds its source in a moraine near 
Gonneaut Lake, in Grawford Gouuty, Pennsylvania. It leads north- 
ward through a broad valley, described by Mr. Garll, of the Pennsyl- 
vania survey, as the Gonneaut outlet, and which in preglacial times 
was the line of discharge for the middle portion of the Allegheny Biver 
drainage busin.^ Upon reaching the low country on the border of Lake 
Erie the stream is diverted westward by a morainic ridge, whose outer 
border it follows into the State of Ohio until it finds a passage near 
Kingsville, which permits it to turn northward into the lake, thoug^h 
there is a slight diversion to the east, caused by a beach line. The 
preglacial line of discharge entered the Lake Erie basin in the north- 
western corner of Pennsylvania. Its x>oint of entrance is now com- 
pletely filled by deposits of till. The stream encounters rock strata 
throughout much of its westward course, and is there flowing in a nar- 
row gorge, strikingly in contrast with the broad, shallow valley of the 
old middle- Allegheny outlet. The headwater portions of the stream 
are fed by numerous springs, which give it a somewhat regular flow, 
Ko data have been obtained concerning the utilization of water i>ower. 

Orand River, — ^Grand Kiver is a small stream draining the basin 
from which it receives its name (see p. 432). Its northward course, like 
that of Gonneaut Greek, is through a former outlet of a much larger 
stream, and, like Gonneaut Greek, it is diverted westward, near the bor- 

I J. Y. Carll, Second Geol Snrrey Peonaylvania, Kept III, 1880, pp.350-:i66; T. C. Chamberlin r.nd 
Frauk Leverett, Am. Jour, Sci., April, 1894. 

18 GEOL, PT 4 30 
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der of Lake Erie, by a moralDic ridge rnnniDg parallel with the lake 
shore. This morainic ridge holds the stream in a westward course 
nearly to its month, at Painesville. The preglacial stream which dis- 
charged through the Grand Biver basin came to the present shore of 
Lake Erie a few miles west of Ashtabula, near the village of Geneva. 
Grand Eiver, like Couneaut Greek, encounters rock strata throughout 
much of its westward course, and there flows in a narrow gorge, strik- 
ingly in contrast with the broad, shallow valley of the Grand Biver 
basin. This stream is subject to very low stages in seasons of drought, 
owing to the compact nature of the formations on its borders. Where 
flowing in the drift there is a compact silt, and where flowing in the 
rock an impervious shale, neither of which furnishes much water iu 
seasons of drought. No data have been obtained concerning the utili- 
zation of water power. 

Chagrin River. — Chagrin Biver has two headwater forks, each of 
which flnds its source in marshes among the knolls of an interlobate 
moraine on the elevated upland east of the Grand Biver basin. The 
two streams join near Chagrin Falls, above which point the valleys are 
inconspicuous. At the falls there is a descent of a few feet over sand- 
stone ledges. The stream then enters a preglacial channel which has 
been partially filled with drift. The name Chagrin Biver is said to 
have been applied to this stream because its valley was mistaken for 
that of the Cuyahoga by early surveyors, who upon discovering their 
mistake expressed their chagrin in this way. This old valley can 
scarcely have drained a large area, since the larger systems discharging 
through the Grand Biver basin and the Cuyahoga would have absorbed 
nearly all the drainage except a narrow strip lying between their trunk 
streams. 

Cuyahoga River. — ^The present Cuyahoga Biver has its head near the 
source of the east fork of Chagrin Biver, on the uplands east of the 
Grand Biver basin, only a few miles from the shore of Lake Erie. It 
leads southwestward for nearly 50 miles, away from the lake, occupying 
a shallow valley bordered by marshes throughout much of its course, 
and having an average fall of but 4.5 feet per mile. It then makes a 
fall at the village of Cuyahoga Falls of 220 feet within a distance of 8 
miles and enters a broad preglacial valley, which it follows northward 
to Lake Erie at Cleveland^ 

In this preglacial valley there is a heavy drift filling, both beneath 
the stream and on the borders of the valley. Wells in Cleveland indi* 
cate that the valley floor is about 400 feet below the mouth of the pres- 
ent stream. Silt dei>08its on the borders of the valley indicate that it 
was filled to a height of fully 200 feet above the present stream, or to 
within 100 feet of the level of the bordering uplands. From these data 
it appears that the preglacial valley was about 700 feet in depth. Its 
width was scarcely 2 miles, but being bordered at the brow of the 
bluffs by ledges of resistant sandstone, it has preserved a somewhat 
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narrow channel. As noted above, this valley may be the line of dis- 
charge for a large drainage basin embracing the greater part of south- 
eastern Ohio and considerable portions of West Virginia and eastern 
Kentucky. 

The following data concerning the flow at Cuyahoga Falls have been 
furnished by Prof. F. W. Olaypole : 

Discharge of Cuyahoga River at Cuyahoga Falls, Ohio. 

Average dischAige, about 195 cubic feet per second. 

Maztmum discharge, about 400 cubic feet per second; maintained for twenty-five 
or thirty days each year. 

Minimum discharge, 65-100 cubic feet per second ; maintained two to three months 
each year. The discharge becomes so reduced in summer, and often in winter, that 
the water power at mills is supplemented by steam. 

Rocky River. — Eocky Eiver has two forks, which unite near the town 
of Berea. These tributaries are mainly in drift-filled preglacial val- 
leys, but the united stream northward from Berea is largely in a new 
course. It crosses the preglacial valley from west to east a short dis- 
tance north of this city, as pointed out by Dr. D. T. Gould, ^ who has 
traced a preglacial valley from a point a short distance above Berea 
northward on the east side of that city to Lake Erie, which it enters 
a short distance west of the present mouth of the stream. Each of 
the forks has falls and rapids in passing over the Berea grit, those 
on the east fork being at the city of Berea and those on the west fork at 
the village of Olmsted Falls. The present channels of the streams are 
shallow above these falls and rapids, being but 25 to 40 feet in depth, 
but upon passing the outcrop of Berea grit the soft Cuyahoga shale is 
entered and a narrow canyon-like gorge 100 feet or more in average 
depth is excavated. 

Black River, — Two streams with this name unite at the city of Elyria, 
and pass thence northward to the lake at Lorain. The eastern or 
main fork has its source on the borders of an extensive marsh near 
Lodi, and flows thence northward mainly through a drift-filled valley. 
At the city of Elyria it has falls nearly 40 feet in height which furnish 
power recently rehabilitated. The west fork heads in a moraine near 
the village of Nova and takes a course east of north, channeling a pas- 
sage much of the way through rock strata, its course not being coinci- 
dent with the preglacial drainage line. The united stream is mainly in 
a new course from Elyria to its mouth. Prof. A. A. Wright, of Oberlin, 
states that six mills have been in operation on the east and two on the 
west branch, which utilized water power for part of the year. Those 
on the west branch are discontinued, though one dam remains to 
impound water for Elyria waterworks. Some use is still made of 
water power on the east branch in Elyria, bnt the stream is not large 
enough at low-water stage to furnish much power. 

> The Berea Advertiser, April 16, 1886. 
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Vermilion River, — This stream heads in the midst of the watershed 
series of moraines near Greenwich, and flows east of north mainly 
throagh a rock-bound postlacial valley. It drains a somewhat ele- 
vated sandstone district. Its channel is narrow throughout its course, 
being usually but 15 or 20 rods wide, and for a few miles near the month 
it is 100 to 150 feet in depth. Two mills, Brownhelm and Birmingham, 
use water power, supplemented by steam (A. A. Wright). 

Huron River. — Huron Eiver has its source in extensive marshes 
between moraines of the watershed series near Few Haven. It drains 
a low district, underlain by shale, along the western border of the 
Berea grit. Its valley is shallow compared with that of the Vermil- 
ion, seldom exceeding 50 feet in depth. Professor Wright reports that 
this stream can not be used for supplying water power in any great 
amount, owing to its very low stage in seasons of drought, but thinks 
profitable use might be made in fall and spring. 

Sandusky River. — Sandusky River is a larger, more widely branching 
stream than any of the tributaries of Lake Erie thus far discussed; It 
consists of a westward and a northward flowing portion. The west- 
ward flowing portion leads from the escarpment of Eocarboniferous 
sandstone near Crestline westward down the slope to the axis of the 
Scioto basin. Instead of turning south, as the neighboring streams do, 
to enter the Scioto Eiver, it turns north, and flows down a gradual 
slope to Lake Erie. It enters Sandusky Bay at the western end. The 
valley of this river is small, being only 20 to 50 feet in depth^ and one- 
fourth mile or less in average width. It is generally cut into rock a 
few feet. ^N'o data concerning the use of water power have been 
obtained. 

Maumee River, — The M auraee Eiver system has the great^er portion 
of its drainage area within the State of Ohio, but small portions are 
found in Indiana and Michigan. As indicated above, the drainage of 
this system was formerly south westward to the Wabash, the northeast- 
ward outlet of Lake Erie being at that time occupied by the ice sheet. 
Upon the withdrawal of the ice sheet from the St. Lawrence basin the 
glacial lake which occupied the western end of the Lake Erie basin 
lowered itself to the level of new outlets that were formed and thus 
ceased to flow to the Wabash. The mouth of the old lake being near 
the point where the St. Mary and St. Joseph rivers had their discharge, 
and being higher than the portion of the basin toward the east and the 
portion of the outlet toward the west, there was a natural si^nmit 
formed upon the withdrawal of the lake, from which the waters of the 
St. Joseph and St. Mary rivers were free to flow either to the east or to 
the west. By some accident of deposition or of slope the' stream fbund 
it easier to turn eastward than to maintain its original course westward, 
and thus the Lake Erie drainage basin embraces these streams as well 
as those which have been formed in the old lake bottom or were tribu- 
tary to the old lake. 
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The Maumee Eiver has a length of about 150 miles and a fall of 164 
feet, the source being 737 feet and the mouth 573 feet above tide. It is 
not itself a navigable stream, but is followed closely by the Wabash 
and Erie Canal, which for many years afforded a means of water trans- 
portation. 

St. Mary Biver has its source in Shelby County, Ohio, at an elevation 
of about 975 feet above tide, or 238 feet above the level of its mouth. 
The length of the stream being about 100 miles, the average fall is 
scarcely 2^ feet per mile. The portion within the State of Indiana has 
a fall of but 18 feet in a distance of 35 or 40 miles, or about 6 inches per 
mile. It is, therefore, very sluggish in its lower course. The course 
of the river, both in Ohio and Indiana, is largely determined by a 
moraine which lies on its north border. The descent of the river cor- 
responds closel}^ to that of the plain in which it flows, and the stream 
has formed but a shallow channel, seldom more than 25 feet in depth. 

The St. Joseph-of-the-Maumee has its source in southern Michigan 
and flows southwest across the northwestern corner of Ohio, entering 
Indiana about 35 miles above its mouth. Its length, like that of the 
St. Mary Biver, is about 100 miles. It has a more rapid fall, since its 
source is in a more elevated district, standing about 1,050 feet above 
tide. The portion in Indiana has a fall of nearly 2 feet per mile. Tbe 
river flows throughout much of its course in a narrow plain between 
two morainic ridges, and its descent is determined by that of the plain. 
Its valley cuts only 25 to 50 feet into the plain and has A-ery narrow 
bottoms. The stream has been well utilized for mill power, three mills 
having been constructed within the limits of Indiana. 

The principal southern tributary of Maumee River in Ohio is the 
Auglaize liiver, which enters at Defiance. The relation of the course 
of this stream and of its principal tributaries to the morainic ridges 
may be seen by reference to the glacial map (PI. XXXVI). It will be 
observed that the main strenm and also two of its eastern tributaries. 
Hog Creek and Blanchard Biver, have their westward courses along 
the outer border of morainic ridges, while their northward courses and 
the courses of the smaller tributaries are directly away from the St. 
Mary moraine. 

It should be noted also that Tiflfin Biver, a northern tributary enter- 
ing the Maumee at Defiance, follows the outer border of the Blanchard 
moraine, while its tributaries, like those of the Auglaize, lead away 
from the St. Mary moraine. 

The drainage of the district lying between the Blanchard moraine 
and Lake Brie, in northwestern Ohio, is in lines flowing directly away 
from the moraine. A large part of the drainage is into the Maumee, 
but Portage Creek carries the drainage of a narrow belt directly to 
Lake Erie. 
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THE LAKE MICHIGAN SYSTEM. 

There are two tribataries of Lake Michigan worthy of note which 
cross the northwestern part of Indiana. Of these the more important is 
the St. Joseph Eiver, and the one of lesser importance is the Calumet. 

8t Jifaeph River, — The St. Joseph River, althongh having a length of 
about 200 miles, flows for a distance of only 35 or 40 miles within the 
State of Indiana, its course being mainly within the State of Michigan. 
The former south westward discharge of this river from South Bend 
into the Kankakee has already been discussed. 

The portion of the stream in Indiana traverses a plain of gravel built 
up as an outwash from the ice sheet. It has cut a channel in this plain 
40 or 50 feet in depth. The fall is sufficient to afford excellent water 
power, which has been extensively utilized at Elkhart and South Bend, 
as well as at Niles, Michigan. 

There are several tributaries of the St. Joseph in northern Indiana 
which drain almost the entire area of Elkhart and Lagrange counties, 
considerable portions of Steuben and Noble counties, and a small por- 
tion of St. Joseph County. Of these tributaries, Elkhart and Pigeon 
rivers are the most important. 

Elkhart Biver has a length of about 60 miles and a drainage basin 
of perhaps 500 square miles. Its source is in the great interlobate 
Erie-Saginaw moraine and near theborder of Lagrange and Koble coun- 
ties. About half its length is occupied in descending the northwestern 
slope of that moraine. It winds about greatly through a series of 
marshes and shallow lakes, inclosed by morainic hills, and makes most 
of its descent in passing from one marsh to another. Its lower portion 
is in a gravel plain on the outer southwestern border of one of the 
Saginaw moraines. It enters the St. Joseph at the city of Elkhart. 
The water power of Elkhart Eiver has been utilized at several points 
in its lower course, and especially at Goshen and Elkhart. Mr.F.E. O. 
Hanks, of the Goshen Milling Company, estimates that at low stages 
in July and August only about 300 horsepower are available, but at 
ordinary stages there are two or three times that amount. 

Pigeon Eiver, a tributary entering the St. Joseph just north of the 
State line, flows throughout the greater part of its course within the 
State of Indiana. Its source is on the east side of the great interlobate 
morainic belt, in Cedar Lake, in the extreme northeast comer of Indiana. 
It flows for nearly 20 miles in a south westward course, parallel with the 
moraine, and then turns abruptly northwestward through it. The 
moraine at this place is broken by a deep channel about 150 feet lower 
than the neighboring portions of its crest, which has the appearance 
of being produced by stream action. It is thought to have been formed 
by a stream issuing from the Erie ice lobe. That ice lobe appears to 
have persisted on the plain east of the interlobate moraine until the 
Saginaw' lobe had withdrawn from northern Indiana, thus preventing 
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the drainage from the east slope of the moraine from passing to the 
Maumee basin and forcing it across the moraine into the St. Joseph 
Bi ver. Upon reaching the northwest border of the interlobate moraine, 
the stream enters a grarel plain formed along the outer border of a 
Saginaw moraine and follows this gravel plain to its moutb. In this 
portion of its course it receives several tributaries from the south, but 
has none whatever from the north, thus presenting a very one-sided 
development. In its headwater portion east from the interlobate mo- 
raine the stream has a shallow channel cut in the drift plain through 
which it flows. In its course through the moraine it passes through 
several marshes or shallow lakes occupying the channel of its broader 
predecessor. In the gravel plain it has a well-defined but small chan- 
nel cut to a depth of 25 to 40 feet. 

Immediately north of Pigeon Biver is another stream having a nearly 
parallel course. Though commonly called Crooked Creek, the name 
for a portion of its course is Pawn Elver. It is the outlet for several of 
the lakes inclosed anlong the morainic ridges of northern Steuben 
County.'' It is deflected into the State of Michigan by the Saginaw 
moraine that lies along the north border of Pigeon Biver, but soon 
passes through that moraine and enters the gravel plain through which 
the Pigeon Biver flows. In the lower 25 or 30 miles of their course 
these rivers are but 1 to 4 miles apart, but maintain separate channels 
to the St. Joseph Biver. 

Calumet River, — Calumet Biver drains a narrow strip between Lake 
Michigan and the Valparaiso moraine from the vicinity of Michigan 
City westward to the edge of Illinois. It has a length of fully 100 
miles, but its drainage basin averages less than 10 miles in width. 
Within a few miles of its source it reaches a level only 40 or 50 feet 
above the lake, and has therefore throughout the greater part of its 
course a very sluggish current. At Blue Island, Illinois, it reaches a 
level no higher than the high stages of Lake Michigan. The region 
which it traverses contains a series of marshes and sand ridges, which 
it drains very inadeq^iately. 

ILLINOIS RIVER SYSTEM. 

Kankakee River. — One of the principal headwaters of the Illinois 
Biver, the Kankakee, flows for nearly 100 miles within the State of 
Illinois. At its source, near South Bend, the marshy channel through 
which the St. Joseph Biver formerly flowed stands, about 705 to 710 
feet above tide. At the State line the elevation of the river is 620 feet 
above tide. The rate of descent is therefore nearly 1 foot per mile. 
But, on account of the great breadth and shallow depth of the stream, 
this fall is inadequate to give a strong current. Extensive tracts 
along the course of the stream, as well as on the borders, still remain 
in a marshy condition, and the high grass greatly obstructs the flow of 
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tbe water. By systematic ditching this marsh may be draiDed, and 
probably with profitable returns for the outlay. 

Some of the eastern tributaries in St. Joseph and Marshall counties 
have their sources in a moderately elevated upland and have developed 
good drainage lines, as have also tributaries on the north border, 
which head in the Valparaiso moraine described above. But from 
Marshall County westward, along the south side of the Kankakee, 
there is no relief sufficient to develop drainage lines for a distance of 
20 miles or more back from the river. By means of artificial ditches, 
however, a large amount of land in this region has been broughi; into 
a condition suitable for agriculture. Where not drained in this manner 
the region is a forbidding waste of marshes and sand ridges. 

The Iroquois Eiver, a southern tributary of the Kankakee, entering 
near the city of Kankakee, Illinois, has its headwaters in northwestern 
Indiana. Its course leads westward from eastern Jasper County 
through a plain having sufficient descent to give it fair drainage, there 
being a fall of 25 or 30 feet in the 30 miles between Rensselaer .and the 
State line. 

IjAKES. 

The State of Ohio has an important resource in Lake Erie, with its 
several excellent harbors. Extensive commerce is carried on from 
Toledo, Sandusky, ClevMand, and Ashtabula, which extends to the 
mining regions of the north as well as to the Atlantic seaboard. 

The State of Indiana, although bordering upon Lake Michigan, has 
but one harbor, that at Michigan City. The great amount of sand, 
drifted into the head of the lake in northerly storms makes the main- 
tenance of a harbor difficult. An important harbor is, however, 
maintained. 

The northern part of Indiana and parts of northern Ohio carry small 
lakes occupying depressions in the glacial drift. These lakes seldom 
exceed 1 or 2 square miles in area, and are usually but a fraction of a 
square mile. In a few cases, however, an area of 5 or 6 square miles 
is reached. In Indiana these lakes are found mainly in the great inter- 
lobate moraine^ which traverses Steuben, Lagrange, Noble, Whitley, 
Kosciusko, and Fulton counties. In addition to this system of lakes 
there are several along the Valparaiso moraine in Laporte, Porter, and 
Lake counties and along the Maxiukuckce moraine in Marshall and St 
Joseph counties. There is also a lake of some importance in Stark 
County (Cedar Lake), which does not lie in a moraiuic belt. In addi- 
tion to these morainic lakes there are lake-like expansions of the Kan- 
kakee Eiver, as at Mad Lake and English Lake. There are also 
portions of the Kankakee marsh which never become dry. The greater 
part of the surface of Indiana is entirely free from lakes, though in wet 
seasons marshes and ponds are formed in the poorly drained tracts. 
The extent of these marshes and ponds has been greatly reduced by 
cultivation and systematic ditching and underdrainage. 
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In Obio several lakes are foand in an interlobate moraine west of the 
Grand Eiver basin in Geauga and Portage counties and a few in the 
midst of moraines in Summit, Stark, Medina, Wayne, and Ashland 
counties. These lakes are seldom more than a square mile in area and 
usually occupy but a few acres. 

In western ( )hio there are several artificial lakes, formed as reser- 
voirs for feeding the canals. The Lewiston reservoir, situated near 
the head of the Great Miami River, in Logan County; Grand reser- 
voir, situated near the head of a tributary of the Wabash River, in 
Auglaize and Mercer counties; Loramie reservoir, on Loramie Greek, 
in Shelby County; and Six Mile reservoir, on a tributary of the Maumee 
River, in Paulding County, each cover an area of several square miles. 
Their sites were originally heavily timbered plains, and have been cov- 
ered by water by the erection of large dams across the course of streams 
which traverse these plains. Another artificial lake. Licking reservoir, 
was made in central Ohio to feed the Ohio Canal, connecting the Ohio 
at Portsmouth with Lake Erie at Cleveland. 

In Ohio, as in Indiana, there are many ponds and marshes in wet 
seasons which become dry in seasons of drought. Cultivation and ditch- 
ing have greatly reduced the extent of these poorly drained tracts. 

Aside from the classes of lakes already discussed there are a few small 
lakes or ponds found in the sink holes of the limestone districts of 
southern Indiana;, one of these — Palmyra Lake, in Harrison County — 
covers several acres and is reported to have a depth of 14 feet. Lakes 
of this class are usually formed by the natural obstruction of the outlet, 
but in a few cases have been formed artificially by filling the hole in the 
bottom of the basin. 

There are also small lakes formed in abandoned channels of streams. 
The Ohio and Wabash and other streams in southwestern Indiana 
furnish several examples. These may in some cases be drained, but are 
often too low to admit of complete drainage, their bottoms being nearly 
on a level with the beds of the neighboring streams. 

The small lakes of northern Indiana and northeastern Ohio, and also 
the reservoirs of Ohio, afford an excellent habitat for fish. A report 
on the lampreys and fishes of Indiana, by Prof. O. P. Hay, recently pub- 
lished by the Indiana Geological Survey, describes about 150 different 
species, many of which are found in these lakes.^ 

Considerable attention has been given the lakes of Indiana by the 
State geological survey and State uni versi ty, and also by private corpora, 
tions, with a view to determining their resources. In the report of the 
g4*ological survey for 1873, Dr. G. M. Levette gives a general descrip- 
tion, and in the report for 1875 a detailed discussion of the features, 
together with soundings, of several of the larger lakes. Dr. David Starr 
Jordon has an extended discussion of the cisco of Lake Tippecanoe in 
the geological report for 1874. Messrs. W. H. Thompson and S. E. Lee 

1 Nineteenth Ann. Rept. Indiana Geol. Survey, 1894, pp. 146-296. 
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have a detailed description of Lake Maxinknckee and brief references 
to other lakes of Marshall County in the geological report for 1885-86. 
Br. 0. B. Dryer has presented, in the geological reports published in 
1891 and 1893, a detailed description of the lakes of Steaben, Whitley, 
I^oble, and Lagrange coanties, giving soundings and notes as to char- 
acter of the lake bottoms as well as reports upon the fauna. The most 
detailed study of these lakes yet attempted is that of Turkey Lake in 
Kosciusko County, carried on by Mr. C. H. Eigenmann, under the aus- 
pices of the State university. A report has already appeared in the 
Proceedings of the Indiafna Academy of Sciences for 1895-96, but the 
investigations are to be continued for a period of years. It will involve 
a complete biological classification, as well as temperature tests and 
other matters of value in determining the conditions for fish culture. 
The equable conditions furnished by these lakes and reservoirs, com- 
pared with those of streams, promise to afford profitable fields for fish 
culture. In some cases the enemies of food-fish may interfere with such 
culture, but carefully conducted investigations and experiments will no 
doubt furpisli a sufficient knowledge of the conditions to render the 
culture of a number of species of fish profitable. 

The beauty of scenery which these lakes and the surrounding moraiuic 
hills afford renders them very attractive resorts for summer homes, and 
already many of them have their banks dotted with cottages. 

TINT)ERGROIINI> WATERS. 

GENERAL STATEMENT. 

The following classification of underground waters seems to the 
writer to be based upon clear distinctions, and to include the most 
important phases or classes of underground distribution to be found in 
the region under discussion. In nearly all cases it is not difficult to 
decide to which class a given water should be referred. The word 
"artesian" is avoided, since there is much difference of opinion concern- 
ing the scope of its application, some writers maintafningthat it should 
be restricted to deep wells which overflow, others to wells which over- 
flow whether deep or shallow, while others maintain that the overflow 
is a secondary matter, and include under this head all wells having 
strong hydrostatic pressure whether they be flowing or nonflowing. 

Class 1. Ground water supplied by direct percolation of the rainfall 
into the soil and substrata, and subject to but little lateral transmission 
and little hydrostatic pressure. The water level rises and falls with 
the degree of saturation by rains. 

Class 2. Waters in close association with streams, as in valley 
bottoms, in which lateral transmission is great and hydrostatic pres- 
sure is small. It differs from the former class not only in the great 
lateral transmission, but also in being fed partly by stream i)ercolation« 
The level rises and falls with that of the neighboring streams. This 
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class shoald perhaps inclade the waters of sand plains and gravel 
plains which have no surface streams traversing them, for waters in 
snch plains usnally have great lateral transmission and but little hydro- 
static pressure. 

Glass 3. Water included in porous beds of glacial drift or other non- 
indurated formation lying beneath impervious beds but without strong 
hydrostatic pressure. Such water is supplied from more or less distant 
absorption areas and is less directly influenced by rainfall than the 
preceding classes. 

Glass 4. Water with strong hydrostatic pressure included in porous 
beds of glacial drift or of alluvium. This affords many flowing wells 
and also wells in which water rises nearly to the surface. 

Glass 5. Streams in caves aud subterranean passages in the rock, fed 
by sink holes and brooks, and also by direct percolation from ground 
water. 

Class 6. Bock water with little current and slight hydrostatic pres- 
sure. 

Glass 7. Bock water under strong hydrostatic pressure. This includes 
not only waters which overflow when tapped, but also waters which 
rise nearly to the surface. 

GROUND-WATER WELLS. 

Wells of this class are ordinarily called surface or seep wells, and 
the local source of supply is thus recognized. The level of the water 
in these wells is about the same as in bordering formations, and rises and 
falls with the fluctuations of the ground water. In wet seasons the 
water stands near the top of the well, but in seasons of drought it may 
sink to a considerable depth. 

Throughout the glaciated portions of Ohio and Indiana the drift is 
usually sufficiently thick and pervious to absorb rainfall iif such amount 
as to furnish the surface or seep wells, but in a few places the drift is 
almost wanting, and the rainfall is directly absorbed by the underlying 
rock. If a well from the rock derives its supply by percolation from 
the soil or surface deposits on its immediate borders it seems legitimate 
to include it in this class, though there is perhaps an advantage in 
restricting this class of wells to the nonindurated formations aud 
throwing the shallow wells in rock into class 6. In the unglaciated 
X>ortious of the Statd the shallow wells, except in valleys filled deeply 
with alluvium or glacial gravel, are obtained from the rock, there being 
very seldom much water in the residuary clay that mantles the rock. 

As the surface formations vary greatly in their capacity to absorb 
rainfall, the strength of wells in them may be expected to vary also. 
Wells in gravelly or sandy drift are stronger than those in bowlder 
clay or in the lacustrine or other silts. The bowlder clay or till shows 
great local differences in texture, varying from an oily clay without 
joints to a coarse-textured clay, or a clay with many fissures filled in with 
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sandy or gravelly material. A well of considerable strength may be 
obtained where a series of fissures lead into it and contribatethe water 
they have absorbed. Bowlder clay is often intimately associated with 
deposits of sand or gravel. If such deposits are of limited extent and 
completely inclosed by bowlder clay they are of value only in extend- 
ing the reservoir beyond the limits of the well; but if of great extent 
they usually furnish strong and lasting wells. Observations made by 
Prof. F. H. King, of the Wisconsin Agricultural Experiment Station, 
have shown that a well which drains the strata for but a short distance 
in wet seasons may greatly extend its drainage area in seasons of 
drought. 

Both in Indiana and Ohio bowlder clay is by far the most widespread 
source of supply for ground-water wells, and such wells are often 
exhausted in seasons of drought. The plains between moraines have, 
as a rule, more continuous sheets of bowlder clay at their surface than 
the morainic belts, for the latter frequently are made up largely of 
gi avelly deposits. The flatness of surface on these plains favors the 
filling of wells in wet seasons, and a failure to obtain a well is com- 
paratively rare, whereas the undulating surface of the moraines is 
unfavorable to such filling, and shallow wells are often unsuccessful. 
On the whole, however, the moraines afford as strong shnllow wells as 
the plains, for they gain in coarseness of material as much as they lose 
in undulation of surface. The moraines of knob-and-basin type are 
usually more gravelly than those of the smooth ridge type and afford 
a correspondingly larger number of strong wells. 

There are a few plains in which the drift is so coarse as to afford 
large supplies of water. Perhaps the most extensive of these plains 
IS found in Marshall and northern Kosciusko counties, Indiana, but 
western Shelby and eastern Johnson counties carry also an extensive 
gravelly plain. In Ohio the most conspicuous gravelly plain noted is 
that on the borders of the Scioto from Columbus south to Chillicothe. 
This plain extends out several miles from the river in the vicinity of 
Circleville. Near. Newark there are plains covering perhaps 25 or 30 
square miles in which the drift is largely of gravelly constitution. 
There are also similar plains northwest of Mount Vernon covering 
several square miles. Much of Clark, northwestern Greene, and east- 
ern Montgomery counties carry a gravelly drift both on moraines and 
plains, and this gravell}* drift leads down the broad valleys of the Mad 
and Miami rivers. 

The number of ground-water wells in these States is far greater than 
that of all other wells combined. If the unglaciated portions of the 
State are excluded, there are probably twenty-five ground-water wells 
for every deeper well, whether in drift or in rock. In the 60,000 square 
miles of glaciated territory within these States there are estimated to 
be not fewer than fifteen ground-water wells for every square mile. 
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The value of the wells is not so much in the quantity of water fur- 
nished as in its ready accessibility. 

Deeper wells are gradually supplanting ground- water wells in locali- 
ties where the latter are liable to fail in seasons of drought, and also 
where surface contamination is 8U8x>ected. The ordinary ground- water 
well is but 10 to 20 feet in depth. If on ground that is readily pervi- 
ous, there is danger of locating the well too near sources of contami- 
nation, such as cesspools and manure heaps. Examples of such risk 
are found not only in villages where wells are necessarily located .at 
oniy short distances from sources of contamination, but also in rural 
districts, where there is no need for such crowding. Some danger 
arises from the use of shallow wells in clay, for the clay often opens 
large fissures in dry seasons, in which filth accumulates or is washed 
when showers occur. On another page observations made by Hon. 
M. C. Bead, of Hudson, Ohio, are presented, which show that these 
fissures afiford great opportunity for surface contamination. (See p. 
548.) The abandonment of polluted shallow wells has hardly kept 
pace with the knowledge of danger from their use, and such foolhardi- 
ness can scarcely be justified. This class of wells is not likely to be 
entirely superseded by deeper wells, for in many localities the best as 
well as most convenient supply is from this source. Their use should 
be guarded by the most watchful attention to the sanitary conditions 
and to the character of the water, and when i>ollution is detected there 
should be prompt discontinuance of the use, or, if no better water 
can be obtained, the water used for^drinkiug should be properly boiled. 

It is quite generally believed by old settlers that the shallow wells 
are becoming weaker and permanently lower, but in the absence of 
statistics only the probable infiuence of settlement upon such wells can 
be considered. The effect of settlement has been to afifoixl better surface 
drainage by opening ditches and removing obstructions, and thus to 
lessen the amount of saturation. Cultivation of fields, leading as it 
usually does to a more rapid escape of water over the surface, also 
tends to lessen the degree of saturation. A somewhat reduced supply 
to shallow wells and a more frequent failure of such wells than in the 
days of early settlement are therefore to be expected. 

The efiTects of the droughts of 1894 and 1895 upon ground-water wells 
are quite generally reported to be more severe than those of any other 
drought since the settlement of these States. A large number of wells 
10 to 20 feet in depth became exhausted for the first time in their history. 
The level of ground water appears to have been generally lowered in 
bowlder clay to a depth of 10 feet or more below the surface. Such a 
lowering requires a long period of rain to restore the ground water, and 
though the rainfall of 1896 has been greater than in the preceding two 
years, many wells remain weak compared to their strength prior to the 
drought. 
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SHALLOW WELLS IN VALLEYS. 

In the valleys of nearly all the large streams of Indiana and Ohio 
there are deposits of either glacial gravel and sand or of alluviam, 
which All with water to the level of the surface of the stream. When 
the streams are at a low stage, the level of water in these wells usually 
sinks to a corresponding level. In some valleys, however, the streams 
extend below the level of i>orous beds into bowlder clay or rock, and 
the wells there are largely independent of the streams, l^ing formed, 
as in deep wells on the uplan(f, either in beds of gravel beneath the 
bowlder clay or in the rock. It is only wells of the former class that 
are here considered. The depth of this class of wells varies with the 
height of the well mouth above the. stream. In most valleys the ter- 
races underlain by alluvium or porous beds stand but 20 or 30 feet, or 
even less, above the stream. In the Ohio Valley, however, their height 
is seldom less than 50 feet, and occasionally reaches 100 to 120 feet 
above the low-water stage. The average altitude of the bottoms is 
probably fully 60 feet above the low stage. It is found that wells on 
the higher terraces as well as those on the lower must usually be sunk 
to river level to obtain a permanent supply. 

This class of wells, like the shallow ground-water wells of the up- 
lands, may become contaminated if care is not taken in their loca- 
tion. The flow of the underground water in valleys is usually from 
the bluff toward the stream and also down the valley. Wells should, 
if possible, be located on the upland side of cesspools, barnyards, or 
other sources of contamination. In cities or villages where waterworks 
are constructed, good water may usually be obtained by sinking infiltra- 
tion wells on the upstream side of the town. Several cities along the 
Ohio, in West Virginia, Ohio, and Kentucky, have introduced a system 
of wells on bars in the river, which are cemented at top so that when 
the stream is high enough to cover the well mouth the water must enter 
from the bottom of the well at depths of 5 to 10 feet below the river 
bed. In the tables of city water supply given below the use of infiltra- 
tion wells is indicated, and also the use of shallow wells in valleys. 
Where no waterworks system has been introduced, the wells in cities 
and villages located in valleys often are contaminated, and the speedy 
abandonment of private wells seems a necessity. Cisterns filled with 
rain water from roofs of dwellings are frequently used in such villages 
and furnish water of fair quality if properly filtered. 

DRIFT WELLS WITH WIDE OR REMOTE ABSORPTION AREAS. 

In the classes of wells just discussed the water supply is derived 
from the ground immediately surrounding the well mouth, or is liable 
to receive a part of its supply from the immediate border. In the 
class of wells now to be discussed the supply depends scarcely at all 
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upon the ground around the well month. The wells are usually so deep 
that no water gains access to them from this source. Commonly their 
supply is derived from beds of gravel or sand which are interbedded 
with the sheets of bowlder clay or till. They are supposed to be fed^ 
like the water supplies found in the rock strata, from surface outcrops 
of the water-filled bed or through joints or other openings in the over- 
lying drift sheet. In this discussion the wells in which a strong 
hydrostatic pressure occurs are not considered, since they form a 
separate class discussed below. There is usually, however, a decided 
rise in the water above the level at which it enters the well. But a few 
instances have been reported where a sheet of water has been found 
beneath bowlder clay that does not show a perceptible rise in the wells. 

Wells of this class are represented very widely in the glaciated por- 
tions of Indiana and Ohio. In Indiana they may be found over the 
greater part of the State north of the latitude of Indianapolis and for 
30 or 40 miles south of that latitude, where they supplant to consid- 
e];able extent the use of shallow wells. There are, however, small 
areas along the Wabash Valley and its south border, and also in Jas- 
per, Pulaski, and White counties, where the rock is struck at slight 
depths, as may be seen by reference to the accompanying map (PL 
XXXVII). In very few localities in northern Indiana have deep wells 
in the drift failed to obtain an abundance of water. It is often neces- 
sary, however, to sink to depths of 150 or 200 feet. Usually tubular 
borings 4 to 6 inches in diameter are made, and unless a well is found 
to yield at least 4 gallons per minute it is not considered sufficient for 
the demands made on such wells. 

In southern Indiana, even where drift covered, the rock is usually 
encountered at depths of 20 to 30 feet or less. The wells in the dilft 
are, therefore, usually ground-water wells. On lowland tracts and 
along morainic ridges, however, wells 50 to 100 feet in depth are often 
obtained without entering the rock. 

•In Ohio thick deposits of drift prevail less widely than in the north- 
ern half of Indiana. A few counties in the northwest corner of the 
State have a deposit exceeding 100 feet in average thickness, and a 
belt with similar thickness leads from west to east across the middle 
lK)rtiou of western Ohio and thence southeastward to the Scioto basin, 
south of Columbus. With these exceptions the thick drift of the State 
is largely confined to valleys or lowland tracts which were probably 
occupied by streams in pre- Glacial times. Along the morainic ridges, 
however, there is usually about 100 feet of drift In these regions of 
thick drift in Ohio, as in Indiana, deep wells are obtained in the drift, 
and failures are rare. 

In the greater part of northern Ohio and also in the drift-covered 
portion of southern Ohio, outside the limits of the thick drift above 
outlined, it is often possible to obtain wells of this class at depths of 
50 to 75 feet, or even less. There is, however, so much of this area in 



480 WATER RESOURCES OF INDIANA AND OHIO. 

which rock is encoantered at less than 50 feet that the average value 
of deep drift wells is not so great. 

Wells of this class are of inestimable value to the many villages and 
cities where they may be obtained and to the stock raisers in the rural 
districts. The qnality of water Js the best to be found at any horizon, 
for there is freedom from the contamination to which surface water and 
water from shallow wells is liable, and there are also very few wells in 
which the mineral ingredients are at all objectionable. The water is 
moderately hard and usually slightly chalybeate. The average depth 
of these wells probably does not exceed 75 to 100 feet, but even where 
it is necessary to sink a well to a depth of 200 feet or more, the excel- 
lent quality and large quantity of the water usually justify the outlay* 

DRIFT WELLS WITH STRONG HYDROSTATIC PRESSURE. 

Wells in the drift having strong hydrostatic pressure are widely dis- 
tributed in Indiana and Ohio, but they are found usually either on t^e 
slopes of moraines or along valleys or in basins in which there is a thick 
filling of drift. The source of supply and cause for strong pressure are 
usually readily found. When on the slope of a morainic ridge, the 
water appears to be derived from porous beds exposed in the moraine 
or on elevated tracts outside of it. It is found that the sheets of drift 
often have an imbricate arrangement, the later sheets lapping over the 
earlier ones and burying beds of sand or gravel which have been depos- 
ited on the earlier sheets. Where the ice was advancing up a slope its 
sheets of drift outcrop on the higher parts of the slope and dip toward 
the lower parts. If, therefore, water is absorbed in porous beds out- 
cropping on the higher portions of the slope, either along a moraine or 
in elevated districts outside, it may be expected to pass down the slope 
and yield wells with strong hydrostatic pressure wherever tapped. 
Flowing wells obtained in valleys or in basins probably are supplied in 
most cases by absorption on the borders of the valley or basin. • 

In Indiana wells are found to have a strong hydrostatic pressure and 
to occasionally overflow on either slope of the great interlobate moraine 
which stretches from the northeast comer of the State southwestward 
to the vicinity of Rochester. Tlie high hydrostatic pressure is main- 
tained for a considerable distance to the northwest from the moraine, in 
Kosciusko, Marshall, and St. Joseph counties, producing flows at Ply- 
mouth and other points. 

On the northwest face of the Valparaiso moraine, in Laporte, Porter, 
and Lake counties, wells have a strong hydrostatic pressure, and occa- 
sionally overflow. The absorption area is probably mainly in the 
moraine, but may perhaps include the Kankakee marsh outside. 

Among the drift ridges in Benton County, in western Indiana, adja- 
cent to the flowing- well district of Iroquois County, Ilhnois, the wells 
have a strong hydrostatic pressure. This flowing well district, as 
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shown in a paper in the Seventeenth Annual Beport, Part II, is appar- 
ently supplied from the water absorbed on the moraines which encircle 
the district on the southeast, south, and southwest. 

Along the Iroqaois River, from the vicinity of Eensselaer westward, 
flowing wells may be obtained which are apparently fed by water 
absorbed in the sandy districts near the head of the Iroquois. In 
these sandy districts the rock is encountered at a much higher altitude 
than in the flowing well district to the west, and the drift beds appar- 
ently have a westward dip, in correspondence with the decreasing alti- 
tude of the rock surface. 

A few flowing wells have been obtained on the slopes of an elevated 
tract of drift in Clinton, Boone, Tipton, and Hamilton counties, which 
are apparently fed by water absorbed on the higher parts of this drift 
area. 

Farther south, in the vicinity of Danville, Indiana, there are flowing 
wells which apparently have their absorption areas in the morainic 
tracts immediately to the west. 

In eastern Indiana, on the slopes of the somewhat elevated tract 
which has its calmination in southern Kandolph Gounty, numerous 
flowing wells have been obtained along valleys, and wells on the bor- 
dering upland have strong hydrostatic pressure. The absorption area 
is readily found in the high part of the dome on whose slopes they 
occur. 

A conspicuous instance of flowing wells along a valley is found in 
the case of the St. Joseph River. The city water supplies of South 
Bend and Elkhart are obtained from wells of this class. There is con- 
siderable hydrostatic pressure in wells between these cities, and a few 
overflow. 

Another valley tract yielding numerous flowing wells is that of Flat- 
rock Valley, in Rush County, from Rnshville northward to Raleigh. 
The city of Rushville obtains the supply for waterworks from this 
source. 

Along the Mississinewa Valley there are occasional flowing wells, one 
of which, at Marion, supplies a considerable portion of water for the 
waterworks. In the Salamonie Valley also, near Warren, several flow- 
ing wells have been obtained. These, however, in some cases enter 
rock. 

In the valley of Treaty Creek, a small tributary of the Wabash in 
Wabash County, a series of flowing wells have been obtained which 
supply the waterworks of the city of Wabash. 

The water in the flowing wells is usually slightly chalybeate, but 
this is also a characteristic of most of the deep drift wells, irrespective 
of hydrostatic pressure. 

The wells are of various depths, some being but 12 to 20 feet, while 
others exceed 200 feet. They are usually obtained in beds of gravel 
18 GEOL, PT 4 31 
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beneatli sheets of till or of other very compact clay, as at South Bend. 
In a few instances the head is as great as 30 feet above the sarface, 
but as a rule the flow ceases at a height of 10 feet or less. The accom- 
pa>nying table sets forth the location and depth of some of the strongest 
flowing wells. Further data will be given in a detailed discussion of 
the wells of Indiana which is to be published soon as one of the Water- 
Supply and Irrigation Papers. It will be observed that at certain 
localities the depth of the wells varies greatly. In such cases the flow 
begins at the least depth mentioned and usually becomes stronger at 
greater depths. 

Table of flawing tDcHs from drift in Indiana. 

Feet. 

Northern Lake County, several weUs 60-100 

Northern Porter County, several wells 60-200 

Northwestern Laporte County, several wells 60-250 

South Bend waterworks, many wells 100-126 

Elkhart, several wells 30-120 

Near North Liberty, a few wells 45- 70 

Teegarden and vicinity, many wells 40-100 

Plymouth waterworks, several wells 40- 50 

Lake Maxinknckee, many wells 20- 75+ 

Warsaw waterworks, several wells 120^ 

Columbia City ami vicinity, several wells 50-225 

North Manchester waterworks, etc., several wells 50-100 

Wabash waterworks, several wells 42- 55 

Iroquois Valley, many wells 30-120 

Oxford, one well 55 

Temp] eton, one well 300 

Flora, several weUs 12- 47 

Frankfort, several wells 15- 66 

Danville waterworks, several wells 110 

Greenfield and vicinity, several wells l^:t 

Newcastle waterworks, several wells 90-240 

Moreland, one well 90 

Near Liberty, two or more 40 J^ 

Raleigh, several wells 65-106 

Rushville, many wells 14- 75 

Middletown waterworks, etc., several weUs 100:^^ 

Franklin, several wells 30- 90 

Martinsville, several wells 40- 75 

Northeastern Allen County, several wells (Dryer) 35- 45 

In Ohio flowing wells are fonnd as frequently as in Indiana, and in 
similar situations. Those in connection with moraines find conspicuous 
illustrations in the northwestern counties of the State, and also on 
either side of the elevated tract in the west-central part of the State. 
In several lowlands flowing wells of great strength have been found. 
Those at Mount Yernon and Mansfield are adequate to supply the 
waterworks. The wells of this class in Ohio will be discussed more at 
length by Dr. Edward Orton, in a bulletin for this Survey. 
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SUBTERRANEAN DRAINAGE LINES. 

It is probable that there is tnovement in all undergroand waters, 
but the movement seldom is sufficiently rapid to be noticeable, and in 
many cases requires instrumental aid for its detection. In rocks not 
broken by flssures, such as sandstones and sandy shales, the transmis- 
sion is apparently that of a slow current varying in rapidity with the 
texture of the rock, the slope of the bed, and the hydrostatic pressure. 
In fissured rocks, such as limestones and certain shales, the movement 
of water is chiefly through fissures and often assumes the force of a 
stream or line of surface drainage. In certain very soluble limestones 
the underground water has dissolved the rock and formed great cav- 
erns in which it flows with as much freedom as in surface streams. 
Indeed, surface streams of considerable size may be completely diverted 
into underground passages, forming so-called ^4ost rivers.'' It is only 
the last class of subterranean drainage that is here considered, for the 
other classes are considered under other heads. 

Several kinds of limestone have caverns, but by far the most cavern- 
ous one of this region is the St. Louis limestone, and it is in this for- 
mation that the notable caves with their lines of subterranean drainage 
are developed. The St. Louis limestone outcrops in a narrow belt in 
Indiana^eadiug from the Ohio Biver, in southern Harrison County, west 
of north, crossing East White River near Mitchell and White River 
near Spencer. It continues much farther north, but is largely concealed 
by drift. Caves have, however, been discoverd in it as far north as 
Greencastle. Where not covered by the drift, sink holes abound and 
surface drainage lines are very imperfect. The main drainage lines 
which cross this region have channels opened on the surface, but very 
few tributaries have a surface channel opened. There are many strong 
springs at points where the subterranean passages of tributaries open 
into the main drainage lines, springs which are adequate in some cases 
to run a mill or to supply a town. Thus Harrison Spring, a few miles 
west of Corydon, as noted above, 'has sufficient force to run both a grist- 
mill and a sawmill. A cave spring near Salem supplies the waterworks 
of that city. One conspicuous instance of the diversion of a surface 
stream into a subterranean passage is found in Lost River, which dis- 
appears for a few miles in the vicinity of Orangeville and finds passage 
^Mn a complex system of mains and leads." In heavy freshets the 
stream can not be entirely absorbed by the subterranean channel and it 
th'^.u flows on the surface through the midst of a forest. Stampers 
Creek, a small stream in the same locality, is so completely absorbed 
that it has no surface channel opened beyond the sink. These subter- 
ranean streams and the caves of southern Indiana have long been known 
to geologists, and are described in considerable detail in the Geology 
of Indiana.' 

iSee Geology of Indiana, 1850, pp. 149-158, map p. 861; 1872, pp. 145-182; 1873, pp. 280-808; 1875, pp. 
206.209,224-226, 1878. pp. 292-204, 306.^09, 456-510, A883,pp.78,79; 1884, pp. 73-76 ; 1886, pp. 151, 152; 1897, 
pp. 121-212. 
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The Barlin^n and Keokuk limestone of Eocarboniferous age and 
the Niagara limestone of Upper Silurian age asually afford fair trans- 
mission for subterranean streams. Where these limestones outcrop 
along valleys copions springs often occur, which testify to the strength 
of subterranean drainage. Occasionally a cave has been found of suffi- 
cient size to admit of exploration, though small compared with tlie 
caves St. Louis limestone. 

ROCK WELLS WITH SLIGHT HYDROSTATIC PRESSURE. 

In places where the drift does not furnish an abundance of watei, 
either because of its slight depth or its compactness of texture, wells are 
freriuently sunk into the rock to a moderate depth. In the driftless 
portions of Indiana and Ohio, also, wells of this class form a main 
source of supply. In the early days of settlement such wells were 
excavated or blasted and have a diameter of several feet, but since the 
drill has been introduced into this region large wells are rare. Usually 
a 4-inch or 6 inch drill is employed, and the well is sunk to a depth of 
several feet beyond the point where water enters, in order to obtain 
either a basin or a greater contributing surface. Where wells are 
sunk in sandstone such deepening usually results in a strengthen- 
ing of the well, and in limestone there is but rarely a loss of water 
supply caused by sinking to a level below the water vein. 

In this class of wells the head is seldom such as to cause an overflow, 
for the supply is usually from a moderate depth and is furnished by 
absorption of rain water in the immediate vicinity of the well. The 
depth of this class of wells ranges from 10 feet or less to 200 feet or 
more. The deeper wells, however, are not usually supplied by absorp- 
tion from the immediate vicinity. 

There is much difierence in the strength of these wells in ditferent rock 
formations. In some formations strong wells may usually be obtained, 
while in others the majority are weak. Piobably the best horizon for 
this class of wells in the region under discussion is the Niagara lime- 
stone. This limestone is not only Assured extensively, but is also in 
places suflficienily i)orous to transmit water readily. Its extensive out- 
crops in eastern Indiana and western Ohio and also in northwestern 
Indiana insure for these districts an abundance of water at compara- 
tively slight depths. The water is often sulphurous, owing to the pres- 
ence of iron pyrites in the limestone, but is on the whole pleasant and 
of good sanitary quality. This limestone in some cases affords wells 
that overflow or have strong hydrostatic pressure. This is especially 
true of the wells on the slope of the dome which finds its culmination 
in southern Randolph County, Indiana, Wells 200 to 250 feet or less in 
depth often have sufficient head to overflow. 

The limestones of Lower Silurian age, which are extensively exposed 
in southwestern Ohio and southeastern Indiana, usually afibrd water 
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at convenient depth in sufficient amount to supply households, but are 
seldom of sufficient strength to supply a large number of cattle or 
other stock. Stock raising Is therefore, as a rule, not undertaken on 
an extensive scale unless a farm is situated nes^r a living stream. The 
water from this horizon, though hard, is usually very palatable and 
rarely has a sulphurous character. 

Probably the poorest source for water is the Devonian shales, but 
these form only a small part of the area of either Indiana or Ohio as a 
surface outcrop. Where not overlaiu by rock they are usually covered 
by a drift sheet which yields a fair amount of water. 

The Knobstone or Waverly group is a source of strong wells and 
numerous springs, both in the Indiana and the Ohio outcrops, as are 
also the other sandstones of Eocarboniferous age. The quality of 
water is excellent, being perhaps unsurpassed in average quality by 
water from any other horizon. It is usually sufficiently soft to be used 
for laundry purposes without " breaking," and thus avoids the difficulty 
experienced in the use of nearly all waters from the glacial drift, as well 
as from limestone formations. 

The Eocarboniferous limestones which outcrop extensively in south- 
ern and western Indiana all furnish a fair amount of hard water and 
rank with the Niagara limestone as a water yielding formation. 

The Carboniferous sandstones and shales which outcrop extensively 
in southwestern Indiana and in eastern Ohio are very irregular in their 
water capacity. They vary also greatly in tlie quality of water, some 
water being salt or sulphurous, while other water is soft and pleasant. 
In some places ^'copperas water" is found that is highly objectionable. 
In these formations the shallow wells usually afford a better class of 
watet than the deep wells, though instances are reported of welln 300 
feet or more in depth in southwestern Indiana which furnish water of 
agreeable taste. 

The statistics concerning water supplies for cities and villages, given 
on subsequent pages, serve to indicate the depth at which wells are 
usually obtained in each of the several formations, and make further 
details unnecessary. The rock water of Ohio will be discussed by Dr. 
Edward Orton in a separate paper for this Survey. 

ROCK WELLS WITH STRONG HYDROSTATIC PRESSURE. 

A few artesian wells were made in the early days of settlement, but 
the great majority of borings in Ohio and Indiana have been sunk since 
the discovery of natural gas in these States about 1886. These borings 
for oil and gas were made without reference to the determination of 
water resources, and but little attention was given the water. The 
value of the water is greater than is popularly supposed, for the strong 
pressure exerted by it in the territory surrounding the gas and oil 
fields causes the pressure exhibited by the gas wells, and makes them 
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mach more valaable than would be the case if there were not this 
strong hydrostatic pressure. 

The siuking of these wells for oil and gas has also brought to light 
the existence of large supplies of potable water in the formations which 
are penetrated before the rocks yielding gas and oil are reached. In 
many instances these wells have passed x)otable water in the Niagara 
and found salt water in the Trenton. By plugging such wells between 
the potable and the salt water the former has been turned to use as a 
source for city water supply or for manufacturing and other industries. 

Statistics are not available couceming the head except in a few 
instances. As a rule the water obtained from the Niagara limestone 
in the vicinity of the gas and oil field of eastern Indiana and western 
Ohio has greater head than that in lower strata. There are instances 
in which it reaches an elevation of fully 900 feet, while the Trenton 
water seldom much exceeds 600 feet in the same localities. But in 
northwestern and western Indiana the difference in head between the 
waters from the Niagara and from lower formations is usually slight, 
not far from 600 feet. It apx>ears to be somewhat higher in north- 
western Indiana than in the western and southwestern portions of the 
State. In southern Indiana a few wells have been obtained which show 
a head not far from 600 feet, and the head in central Indiana is appar- 
ently about the same. 

Several wells from the Niagara in western Indiana yield a sulpho- 
saline water which has gained a wide reputation as a restorative to 
diseased and enfeebled persons. Several sanitariums have been con- 
structed for the accommodation of persons who resort to these wells. 
Those at Martinsville, Spencer, Greenwood, Latayette, and Montezuma 
have wide reputations. AnalySes of the waters from these and other 
deep wells in western Indiana appear on subsequent pages. 

Concerning the absorption areas from which deep wells are supplied 
some uncertainty exists. It is thought that wells from the Niagara 
limestone in the eastern part of Indiana and western Ohio have their 
absorbing area in the elevated area of Randolph County, Indiana, and 
adjacent counties. In northwestern Indiana the source is apparently 
from outcrops in northern Illinois or southeastern Wisconsin. Between 
these two districts there is a large area in which the direction of intake 
and transmission is uncertain. It is also uncertain in southwestern 
Indiana. 

The horizons from which water is usually obtained in the artesian 
wells of Illinois and southern Wisconsin, namely, the Potsdam and 
St.Pet«r sandstones, and to a less amount in Lower Magnesian and Tren- 
ton limestones, are at so low a level in the States of Indiana and Ohio 
that they do not furnish a convenient source of supply, even if the 
water should be of suitable quality. The borings for natural gas, how- 
ever, have shown that the water in all these formations is brackish or 
too saline to be of suitable quality for drinking. It is not likely, there- 
fore, to be sought for any puriwse, unless it be as a source for salt. 
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The Bocarboniferons limestone aud sandstone, and also certain sand- 
stones of tbe Garboniferons in southwestern Indiana, yield water hav- 
ing strong hydrostatic pressure and occasionally famishing an over- 
fiowiug well. Wells in these formations vary greatly in the quality of 
water; a few are fresh, but the majority are brackish, and some are 
highly saline, as may be seen by the analyses on another page. On the 
whole, these formations do not promise to yield waters of a quality to 
justify extensive development. Wells sunk to a depth of 100 to 200 
feet seem more likely to obtain a potable water than those of greater 
depth. 

Since the character of the rock water of Ohio is to be discussed by 
Professor Orton, for this Survey, further remarks concerning its charac- 
ter seem unnecessary in this place. A few detailed records of wells in 
Indiana, illustrative of the above statements, are given below. 

WELLS IN INDIANA. 

Andertan, — ^This city has one artesian well, 800 feet in depth, situated in White 
River VaUey near the waterworks pumping station. This water is pumped to nine 
hydrants in the city. It is reported to be strongly impregnated with magnesia, iron, 
and snlphnr. Probably the supply is largely ftrom Niagara limestone. 

Attica, — A strong overflow was obtained in a boring in the Wabash VaUey at this 
oity. The water is strongly sulphurous, but otherwise not unpleasant. The depth, 
head, and geological horizon are not known to the writer. 

BUwmington, — A section of a boring 2,730 feet in depth is pnbUshed in the Geology 
of Indiana,^ and is interpreted by Dr. Phinney to enter the Lower Magnesian lime- 
stone about 60 feet. Water is reported at only two levels; first, in the St. Louis 
limestone, within 90 to 85 feet of the surface; second, in the Lower Magnesian 
limestone, at 2,722 to 2,730 feet. It was the original intention to continue the boring 
to a depth of 8,000 feet, but the maohinery became fastened and the work was 
abandoned. 

BrawnBtawn.-^The gas- well boring at this village shows an interesting difference in 
the head of the water in the Niagara limestone and that in the St. Peter sandstone, 
an overflow being obtained from the former at an altitude about 650 feet above 
tide, while from the latter the head is only about 350 feet. The upper water is a 
sulphnrons-magnesian water, while the lower water is strongly saline.' The St. 
Peter sandstone was penetrated 47 feet, but the salt water was found only at the 
bottom of the well, and adequate passage for the water may not have been opened. 

ColumUa City. — The waterworks are supplied from three 8-inch wells in limestone 
about 280 feet in depth, which overflow to a height of about 5 feet above the surface 
and about 800 feet above tide. The supply is perhaps in part from the sand beds in 
the lower part of the drift. A gas-well boring at this city, 1,875 feet in depth, 
struck salt water at 900 feet, which rose to within 20 feet of the surface, but water 
struck in the Trenton at the bottom of the well rose only 800 feet, or to a level 1,075 
feet below the surface and about 260 below tide.^ The extremely low head in the 
Trenton water is perhaps due to a failure to open a passage for this water, for at 
the neighboring village of Larwill, where a well penetrated the Trenton 50 feet, 
the water rose to 750 feet above tide. 

Columbua, — Dr. Phinney reports that salt water struck in the Trenton limestone 
at a depth of 1,005 to 1,020 feet overflows at an altitude 635 feet above tide. St. 



I Fifteenth Report, 1885-86, p. 332. 

' Phinney, Eleventh Ann. Bept. U. S. Qeol. Survey, p. 728. 

"Ibid., p. 736. 
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Peter sandstone was entered at about 1,550 feet and penetrated to a distance of 150 
feety but its head, compared with that of the Trenton, was not determined. 

Converse, — Many wells in the vicinity of this village obtain water in the Niagara 
limestone at depths of 200 to 250 feet, which rises nearly to the surface. The water- 
works supply is from wells 230 feet in depth, which rise within about 8 feet of the 
surface, or about 800 feet above tide. Brackish water is entered at about 435 feet. 
Care is therefore taken to stop drilling where the water is fresh. 

Ccrydon. -A well 1,200 feet in depth, bored for salt brine in 1871 and 1873, struck 
saline sulphur water in St. Louis limestone at 48 to 57 feet. The brine became 
stronger farther down, having a strength of 30 degrees at 520 feet and 38 degrees at 
about 700 feet, where the maximum strength was reached. In Upper Silurian lime- 
stone at 879 to 900 feet and in Lower Silurian limestone at 986 feet sulphur water 
was found. ^ A white sulphur water is obtained in the St. Louis limestone at a well 
1 mile east of the village, which has been used in a small natatorium. 

Craicfardarille, — A gas-well boring at this city struck sulphur water at a depth of 
750 feet. Water was also obtained in the Eocarboniferous limestone at 240 feet. 

Crown Point. — Dr. Phinney reports that a gas- well boring at this village struck 
salt water in the Trenton at about 930 feet, which rose to within 120 feet of the sur- 
face, or to a level 616 feet above tide. 

Delphi. — Salt water struck in the Trenton at about 910 feet rises nearly to the top 
of the well, 600 feet above tide. (Phinney.) 

Fdinhurg. — Salt water struck in the St. Peter sandstone at a depth of 1,580 feet 
rises within 83 feet of the surface, or 585 feet above tide. An analysis of this water 
appears on a subsequent page. (Phinuey.) 

Elkhart. — At this city a flow of water is obtained from limestone immediately 
below the Devonian shale at a depth of about 550 feet. As noted above, fresh water 
is obtained in the drift, which also overflows. 

Elwood, — The public water supply is from a series of wells drilled to depths of 75 
to 150 feet, which rise to within 15 to 25 feet of the surface. Wells of much greater 
depth are likely to enter a brackish water. 

EvansHlle, — Several deep wells have been sunk at Evansville, which obtain a 
brackish water. One of these wells, 1,100 feet in depth, has been used to supply 
a natatorium. 

Fort Wayne. — A well 3,000 feet in depth wiw sunk at the court-house in 1875, which 
has a head 8 feet below the surface, or 785 feet above tide. The water appears to be 
from a horizon near the surface of the well, for its temperature is but 51^^ F. 
Dr. C. R. Dryer reports that a well in the Maumee Valley at this city overflows with 
considerable force.^ 

GosAen.— Salt water overflows at this city from the Niagara and possibly from the 
Trenton limestone. It is struck in the former at about 1,000 feet and in the latter 
at about 1,800 feet. The altitude of the well mouth is 785 feet, or higher than the 
Treuton water is known to reach at any other point. The Niagara water, as already 
indicated, reaches greater elevation than this at points to the £ast.^ 

Gosport. — A well 926 feet in depth was bored in the autumn of 1895 in the valley 
of White River adjacent to this village at an altitude 580 feet above tide. The well is 
cased about 500 feet to shut out salt water. It obtains a strong flow of '' white sul- 
phur " water, probably from Niagara limestone near the bottom of the boring. The 
water will flow freely at top of a pipe 30 feet above the mouth of the well, or 610 
feet above tide. A strong vein of fresh water was struck at 125 to 150 feet, which 
rose within 20 feet of the top. (Data famished by G. B. Spicer and L. D. Ray, Gos- 
port, Indiana.) 

Greenfield. — The city water supply is from overflowing wells obtained in the Niag- 



> Geology of Indiana, 1872, pp. 146 to 147 ; 1878, pp. 363 to 355. 
* Indiana Geology, Sixteenth Report, 1888, p. 127. 
s See Eleventh Ann. Kept U. S. Geol. Survey, p. 735. 
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ara limestone at a depth of 176 feet. The altitade of the well mouth is nearly 900 
feet above tide. It is possible that a portion of the supply is from the sand beds in 
the drifts though it is generally supposed to be entirely flrom the rock. (Data fur- 
nished by 8. S. Boots, M. D.) 

Greenwood, — Two deep wells have been sunk at this village, one to a depth of 600 
feet, the other to 1,975 feet. The former is cased only to the rock — 210 feet — and 
water rises within 45 feet of the surface. It terminates in the Hudson River lime- 
stone, and probably receives much of its water from the Niagara, which is entered 
at about 320 feet. The deeper well has a head 240 feet below the surface. The water 
enters at a depth of 1.840 to 1,865 feet, and is apparently from the St. Peter sand- 
stone. A sanitarium has been constructed into which water from both wells is 
pumped. The water from the deeper well is pumped into elevated tanks without 
intermixture with other water and thence convoyed to all parts of the nanitarium 
building. The water from the shallower well is much more fresh than that in the 
deeper one. (Data furnished by John A. Polk.) 

Hammond. — Artesian well water from wells about 1,900 feet in depth were used 
some years ago for domestic purposes and also for distilleries and factories. The use 
of such water has been displaced by that of the public wat-er supply from Lake 
Michigan, as it was found nnsuitoible for boilers. (Data furnished by W. F. Bridge, 
city engineer.) 

Huntington. — ^A gas-well boring 1,090 feet in depth entered Trenton limestone at 
1,002 feet, from which salt water rose within 87 feet of the surface, or to a level 
about 640 feet above tide.^ 

Indianapolis.— We]ls drilled by the Indianapolis Water Company near the bank of 
White River strike water in the Niagara limestone which rises a few feet above the 
level of the river, or about 700 feet above tide. (Data furnished by F. A. W. Davis, 
superintendent.) Dr. Phinney reports several borings in the vicinity of Indian- 
apolis which struck salt water in the Trenton at a depth of about 1,()(X) feet, from 
which there is a rise of 700 feet or more in the wells.^ 

Kentland. — A well bored for gas to a depth of 1,325 feet has an abundant supply of 
sulphur water, which stands within 45 feet of the surface, or 635 feet above tide. 
The water supply is probably in large part from the Niagara limestone, for wells in 
the neighborhood of the town obtain a similar water to that of the deep borings 
from the Niagara limestone at depths of 250 to 3(X) feet. The deep boring entered 
the Trenton limestone about 260 feet, but water from that horizon may not reach 
the surface. Several flowing wells are obtained from the drift in the vicinity of this 
village at depths of 40 to 120 feet. (Data furnished by W. T. Drake.) 

Eewanna. — Dr. Phinney reports a nse of 990 feet in salt water struck in the Tren- 
ton at this village at a depth of 1,074 feet, the altitude of the well being about 790 
feet. The head is about 700 feet above tide ^ 

Kokomo. — The district immediately west from Kokomo yields water instead of gas. 
The water fh)m the Trenton is salt, but that from the Niagara is comparatively 
fresh and has been turned to account by some of the farmers on whose land the 
wells were sunk, for many of the wells overflow or rise nearly to the surface. One 
instance of the use of a well for irrigation is reported, the well being on the farm of 
W. H. Wolf. It is probable that the fresh water of the Niagara fills the upper por- 
tion of all deep borings and the supply of potable water may be obtained without 
penetrating to the lower strata. 

Lacrosse.— A gas-well boring drilled in sec. 23, T. 33, R. 4 W., about 3 miles 
from Lacrosse, obtained a supply of water which is said to be preferred by cattle 
and other animals to the water found in the shallow wells oi the surface water of 
the Kankakee marsh. Water stands at about the level of the surface of the ground 
(675 feet above tide). Depth of well, 838 feet. (Data by R. Huncheon.) 



1 PhicDey, Eleventh Ann Bept U S GeoUSurvey, p. 739 'Ibid., pp. 700,701. * Ibid., p. 733. 
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Lafayette. — *' White Balphur" water was found at this city about forty years ago 
by boriuK to a depth of 235 feet iu the valley of the Wabash River. The water is 
obtained near the top of the Niagara limestone. It flows about 10 barrels per hour 
and has a temperature of 55^ to 56<=^. An analysis appears on a subsequent page. A 
gas-well boring a thousand feet in depth also obtains a strongflowof sulphur water. 
The head is not determined, but the altitude at the wells is nearly 560 feet above 
tide. (Data furnished by Prof. H. A. Huston.) 

Lartoill, — Dr. Phinney reports that at the gas- well boring made at this village the 
first vein of salt water was struck at 035 feet and rose 800 feet; a second vein was 
struck at 997 feet, which rose 850 feet, and salt water again appeared in the Tren- 
ton at 1,566 feet« which rose within 200 feet of the surface, or to an elevation of about 
750 feet above tide.^ 

Leavenwarth.^-A weak flow of sulphureted chalybeate water was obtained in this 
village some thirty years ago at a depth of 235 feet. The well is located in the Ohio 
River valley, in the eastern part of the town, at an elevation about 400 feet Above 
tide.« 

Lodi. — A boring for oil at this village made in 1866 reached a depth of 1,155 feet, 
and struck several veins of brackish water. Near the bottom it struck a white sul- 
phur water either iu the Devonian or Upper Silurian limestone. A detailed section 
of this boring is given in the Geology of Indiana, 1869, and also in the report for 
l881. An analysis of the water is also published in both reports and may be found 
on a later page in the present paper. The water has a wide reputation for medici- 
nal properties and is shipped to distant points, as well as resorted to by people of 
the vicinity. 

Zoj^a»«pori.— The gas- well borings of this city, about 1,100 feet in depth, struck a 
salt water in the Trenton limestone which overflows at an altitude of about 610 feet. 
(Phinney.) 

Marion, — Fine artesian flows of fresh water are found at Marion and other locali- 
ties in Grant County, in the Niagara limestone, at depths varying from 240 to 290 feet. 
A portion of the waterworks supply is obtained from wells 240 feet in depth, which 
overflow. It js estimated that a well 8 inches in diameter has a capacity of 150,000 
gallons x>er day. (Information famished by Dr. Phinney and by city mayor.) 

MartinevilU, — The natiiral-gas boring made at this city a few years ago brought a 
flow of sulphur water which has since gained such wide reputation for its medicinal 
properties that at the present time six sanitariums are necessary to accommodate 
the persons who are availing themselves of this water. Each sanitarium has a well 
sunk to a depth of nearly 700 feet, the shallowest being 668 feet and the deepest 704 
feet. The gas boring referred to above reached a depth of 1,472 feet. Analyses of 
waters from several of these wells appear on a subsequent page. It will be observed 
that they present some differences in relative amounts of each of tbe mineral ingre- 
dients, but the waters are all snlpho-saline. The head has been determined at several 
of these wells and found to be 620 feet above tide. After penetrating the drift, 
which is 90 to 117 feet in thickness, the wells pass lhrou;;b a heavy shale formation 
over 400 feet in thickness. Limestone is then entered, which, at about 600 feet from 
the surface, becomes water bearing. The amount of water increases within the 
next 75 or 100 feet to its maximum flow. The rate of flow per minute has been 
determined at several of tbe sanitariums, as follows : Home Lawn Sanitarium, 40 
gallons; Highland Sanitarium, 25 gallons ; Barnard's Sanitarium, 28 gallons; Martins- 
ville sanitarium, 35 gallons. The rate of flow at the other two sanitariums has not 
been determined. The size of the wells differs slightly, but is usually between 5 and 6 
inches. The tests recorded above are made through pipes of smaller diameter form- 
ing an inside casing. There are two other borings in the vicinity of Martinsville, 
not accompanied by sanitariums, which reach a similar depth and have an overflow 



1 Eleventh Ann. Rept. U. S. Geo!. Survey, p. 73S. 
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of solpho-saline water. One is located on the grounds of the Forest Grove Park 
Association and the other on the farm of C. ^. Cnnningham, ahont 1^ miles south- 
west of the city. 

Michigan City. — A horing was made seyeral years ago at the Northern Indiana 
Penitentiary, about a mile west of Michigan City, which obtained a strong flow of 
wtkter highly charged with sulphureted hydrogen. The rate of discharge is estimated 
to be about 800 gallons per minute. The head is 22 feet above the surface, or about 
620 feet above tide. The water has a temperature of 57^ F. The section of the well 
[H as follows: Glacial drift, 172; Devonian shale, 76; Limestone, largely Niagara, 
293 feet; total, 541 feet. A gas- well boring in the city and a boring on the Blair 
farm, 2 miles west, each obtain strong flows of sulphurous water from the Niagara 
limestone. In all three wells strong flows of water were also obtained in sand beds 
in the lower part of the glacial drift. 

Miiohell. — A gas boring 1,200 feet in depth struck two veins of brackish water, 
from which water rises within 80 feet of the surface, or to a level about 645 feet 
above tide. This water is used for street sprinkling, there being no waterworks in 
the village. (Data furnished by J. T. Dilley.) 

Monon. — A gas boring at this village struck salt water at 880 feet, near the top of 
the Trenton, which rose almost to the surface, 650 feet, more or less, above tide. At 
Monticello, only a few miles distant, salt water struck in the Trenton at 1,050 feet 
rose only 500 feet in the well. It is probable that the latter well failed to open an 
adequate passage for the water. Possibly, also, the Monon well owes the high head 
partly to an influx of water from the Niagara limestone. > 

Montezuma. — ^A boring about 1,700 feet in depth struck a vein of salt water at 300 
feet and another about 450 feet which have sufficient head to rise to the surface. 
At about 1,200 feet, immediately beneath the Devonian shales, a sulphur water was 
struck which rises with great force to a height of fully 100 feet above the surface, 
or about 610 feet above tide. It is reported that water was made to rise in a tube 115 
feet above the surface,- or 625 feet above tide. An analysis of the water is given on 
a subsequent page. A largo swimming pool has been constructed, which is filled 
with this water. The rate of flow of the well is estimated to be about 475 gallons 
per minute. (Data furnished by Joseph Bums.) 

Munoie, — The city water supply is obtained from artesian wells drilled in the 
valley of White River. The supply is from the Niagara limestone. (Data obtained 
from Manual of American Waterworks.) 

JVeir Haven. — The waterworks supply is from a well in the Niagara limestone, 300 
feet in depth. The first vein of water was struck at 150 feet and raised within 1 foot 
of the surface. A second vein struck at about 300 feet has a head 11 feet above the 
surface, or nearly 750 feet above tide. An analysis of the water is given on a subse- 
quent page. (Data furnished by D. H. F. Berberick.) 

North Manchester. — ^A gas boring struck salt water at 1,180 feet which rose 990 
feet in the well, reaching an elevation of about 600 feet above tide. Flowing wells 
are obtained from the drift in this vicinity at about 100 feet, as noted above. The 
waterworks supply iafrom such wells. 

North Vernon. — ^A gas boring 1,400 feet in depth struck salt water in St. Peter 
sandstone at 1,400 feet which rose to about 200 feet from the surface or 500 feet 
above tide. (Phinney.) A flowing well of great strength was obtained near North 
Vernon, in Niagara limestone, at 66 feet. 

Peru. — ^A gas- well boring struck salt water in the Trenton at about 900 feet, which 
rose 800 feet in the well, or to an elevation of about 550 feet above tide.' 

EeeUville. — An artesian well was made many years ago at Reelsville, in the valley 
of Walnut Creek, at an elevation of about 600 feet above tide. The depth was 1,240 
feet, and salt water was obtained at several horizons. The well terminated in the 



> Phinney, Eleventh Ann. Rept. XJ. S. Greol. Surey, p. 781. 
>Ibid., p. 788. 
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Niagara, where a white sulphur water was obtained.^ At the time this well was 
struck the water rose in a copious stream to a height of fully 20 feet above the sur- 
face. No recent data concerning it have been obtained. 

lieneeelaer, — ^A well was made many years ago just east of the villagey which 
obtained a strong flow of sulphureted water from a depth of 180 feet, but the bor- 
ing was extended to a depth of 800 feet. Another well at the court-house struck 
water at similar depth, which rises nearly to the surface.^ Numerous wells in the 
drift in that vicinity obtain a flow of water, and wells at all depths in the rock 
show a strong rise of water. 

Seymour, — In a gas- well boring sulphur water was struck at 250 to 257 feet, and 
again at 345 to 385 feet in limestone, probably of Upper Silurian age. The head is 
sufficient to bring the water nearly to the surface, 630 feet above tide. The total 
depth of this boring is. 1,204 feet. A boring owned by the Seymour Mineral Com- 
pany was drilled in 1892 to a depth of 500 feet, obtaining water at the same horizon 
noted above in the gas well. 

Shoah. — A boring 960 feet in depth made in the £ast White Valley, just east of 
the village, has a weak flow of salt water, which contains also a notable amount of 
lithium chloride and magnesium bromide; as shown by an analysis on a subsequent 
page. This water has been shipped to distant points, and is held in high esteem by 
the residents as an alterative and restorative. 

South Bend. — A gas-well boring at this city reached a depth of 1,600 feet, and 
struck salt water at three horizons, as follows : At 375 feet, near the top of the 
Devonian limestone; at 610 feet, in limestone, thought to be the equivalent of 
the Lower Helderberg, and at 1,670 feet in the upper part of the Trenton. From the 
latter depth it is reported to rise within 200 feet of the surface, or to about 525 feet 
above tide. (Phinney.) As noted above, numerous flowing wells are obtained along 
the St. Joseph Valley in South Bend and vicinity. 

Spencer. — ^Three wells at this city have been sunk to the Niagara limestone for the 
purpose of obtaining the sulpho-saline water which it yields. The depth of each 
of the wells is about 1,150 feet. A salt water is found in Snbcarboniferous lime- 
stone at a depth of 450 feet, which is cased out in order to obtain the unmixed water 
from below. At one of these wells a large sanitarium has been built by Dr. £. V. 
Green, and an analysis of the water appears on a subsequent page. The capacity 
of the well at the level of the surface of the ground is about 200 gallons per minute, 
as it issues from a 4-inch casing. The head is sufficient to cause it to overflow from 
a pipe at a level 65 feet above the well mouth, or 625 fpet above tide, and it appar- 
ently will rise much higher. A well made at the court-house supplies hydrants in 
the city, which are used extensively. The third well is on the Fletcher farm, about 
one-half mile northeast of the court-house 

Sullivan, — ^A gas well was sunk to a depth of 1,000 feet, and obtained a very strong 
brine, which rises within 15 feet of the surface, or about 525 feet above the tide. 
The water is used for street sprinkling, and makes a heavy coating of salt when 
evaporated. Another boring made by the Evansville and Terre Haute Railway 
Company in the valley of Busseron Creek, about 2 miles southeast of Sullivan, 
obtained an overflowing well of great strength, which is not put to use. Its depth 
is thought to be about the same as that of the well in Sullivan. 

Summitrille.^The gas-well boring at this village is reported by Dr. Phinney to 
have obtained a strong flow of water from the Niagara limestone at a depth of 140 
feet. The altitude of the well being 896 feet, the flow was unexpected. Whether it 
is maintained has not been learned.^ 

Terre Haute, — A boring made by Mr. Chauncey Rose many years ago reached a 
depth of 1,793 feet, passing through three horizons of salt water in the Carbonifer- 



1 See Geology of Indiana, 1869, p. 81. 

s See Geology of Indiana, 1872, p. 298. 

s See Eleventh Annual Report XJ. S. GeoL Survey, p. 709. 
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ons Tocke, and one or more in the SubcarboniferouB. In the lower 100 feet of the 
well a strong flow of sulphur water was obtained. It is thought that the well ter^ 
minated near the ba.«e of the Snbcarboniferous limestone. An analysis of the 
water appears on a subsequent page. Afterwards several other wells were sunk 
in this city on account of a showing of oil found in the Rose well, one of which 
was continued through the Devonian into the Niagara and Clinton. As these wells 
were sunk for the purpose of obtaining oil, the water was cased out and few data 
appear to be available. Several detailed records of rock strata are published in the 
Twenty-first Annual Report of the Indiana Geological Survey, 1897. 

Wabash. — A well at the court-house square on the bluff of Wabash River, 85 feet 
above the stream and more than 700 feet above tide, was sunk to a depth of 2,270 
feet. The boring started in the Niagara limestone, and water was reached at 85 feet, 
the level of the river. No increase in head was obtained from the lower veins, though 
several were encountered. Temperature tests were made at 100, 500, 1,000, and 2,270 
feet, which show the water to be uniform at 50^^ F. at all these depths. The infer- 
ence to be drawn from this uniform temperature is that the well is filled with water 
from an upper stratum and the temperature which it receives at that horizon in, by 
means of the greater specific gravity of cold water, carried down to the bottom of 
the well. This matter is discussed quite fully in the Geology of Indiana. > 

IVest Fwrk. — At West Fork, Crawford County, Indiana, a few miles west of Leav- 
enworth, a sulphur well of some note, known as ''Eaton's sulphur well," was bored 
in the years 1862 and 1863. It is 4 inches in diameter and 284 feet in depth, and the 
flow is obtained from the lower part of the St. Louis limestone. The water from this 
well has a high reputation and has been sold extensively. A hotel is built for the 
accommodation of patrons of the well.^ An analysis appears on a subsequent page. 

Williamsport.—k gas- well boring 1,200 feet in depth struck a strong vein of fresh 
water at a depth of 65 feet and another at a depth of 165 feet. The second vein fur- 
nished an overflow. Salt water was struck at about 1,200 feet. After failing to 
obtain gas the salt water was plugged off and the fresh water was made available. 
(Data furnished by J. C. Russell.) 

Winamac, — A gas- well boring 1.200 feet in depth obtained a flow of water which 
discharges at the rate of 45 gallons per minute. The depth of the water vein is not 
reported. It is said to be chalybeate. 

Worihington. — A boring 1,445 feet in depth struck a strong flow of sulphur water 
at 1,430 feet, which appears to be similar to that struck at Spencer at about 1,100 
feet, and probably from the Niagara limesrone. The water has been piped to a hotel, 
where it may be used for drinking and bathing. (Data furnished by A. F. Wilson.) 

MINERAIi SPRESTGS. 

In a bulletin of this Survey prepared by Dr. A. C. Peale, a brief dis- 
cnsdion of the mineral springs of Indiana and Ohio is included.^ 
Thirty springs are noted from Indiana and twenty from Ohio which 
are or have been used either commercially or as a resort, and analyses 
of those most extensively used are presented. Many unimproved 
springs are also listed, and artesian wells used for medicinal purposes 
are included in Dr. Peale's tables. 

Many of the springs have only a local reputation, but a few have 
become widely known. Perhaps those of widest reputation in Indiana 



» Report for 1875. pp. 43-48. v 
'See Geology of Indiana, 1878, pp. 443-444. 

•Mineral Springs of the United States, by Albert C. Peale, M. D. : Bull. U. S. Geol. Survey No. 32, 
1880, pp. 130-141. 
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are French Lick and West Baden springs. Orange Goanty; Degonia 
springs, Warrick Goanty; Indian and Trinity springs, Martin Gounty; 
West Saratoga springs, Pike Goanty; Van Gleve springs, near Graw- 
fordsville; and Hawkins springs, at Richmond. 

In Ohio, among the springs of wide reputation shoaid be mentioned 
Bellbrook magnetic spring, at Bellbrook, Greene Gounty; Bine Bock 
spring, in East Gleveland; Guyahoga lithiaand bitter springs, near 
Gleveland; Odevene and Lenape springs, at Delaware; Ohio magnetic 
springs, at Magnetic Springs, Union Gounty; the electro-magnetic 
springs, near Woodstock, in Ghampaign Gounty; and Green spring, in 
Seneca Goanty. 

As the writer has not made a special canvass of this subject, there 
may be other springs to which his attention has not been directed 
which are as important as those just noted. Many springs have come 
into prominence through well-directed advertising by their proprietors, 
which are apparently superior in- no way to dozens of others which are 
unknown to the public, but which may have a local reputation. In 
preparing a list of mineral sp ings there is room for indefinite exten- 
sion. There is scarcely a township in the drifb-covered portions of 
Indiana and Ohio which does not afford springs that are slightly cha- 
lybeate. It is probable that an analysis would show waters similar to 
the iron springs of health resorts. So, also, there are numerous sulphur 
and iron springs, as well as calcic springs, issuing from rock ledges in 
many of the valleys of Indiana and Ohio. A list such as that prepared 
by Dr. Peale can not be considered complete, but it probably includes 
the majority of springs which have been brought into prominent notice. 
A reference to the reports of the State geological surveys will serve to 
show how widely such springs are distributed. 

The temperature of the water, as reported by Dr. Peale, ranges in the 
Indiana springs from 43^ F. at Blue Lick spring, in Glark Gounty, to 
570 at Trinity and West Baden springs. A shallow thermal well near 
Shelby ville has a temperature of 76°. The majority of the springs have 
a temi)erature of 50^ to 55^ F. The reported temperature ot the springs 
in Ohio ranges from 47^ in Lenape spring, at Delaware, to 60^ at Blue 
Bock spring, in East Gleveland. The temperature is given, however, 
for only a small per cent of the springs, so that the range may be wider 
than indicated by the table. 

Many of the springs listed by Dr. Peale have a flow of less than 1 ,000 
gallons per hour, and the cold (Blue Lick) spring in Glark Gounty, 
Indiana, just noted, has a flow of but 1^ gallons per hour. Trinity 
springs, in Martin Gounty, Indiana, are estimated to furnish 18,000 
gallons per hour. West Baden springs flow 1,500, and French Lick 
at least 1,100 gallons per hour. 

The following springs used as resorts in Indiana are reported by Dr. 
Peale to have a saline-sulphureted water: French Lick, Orange Gounty; 
Hartford sulphur springs, Grawford Gounty; Blue Lick, Qlark Gounty; 
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Indian and Trinity springs, Martin Counly; New Middletown springs, 
Harrison Goanty; and West Baden springs, Orange County. In Ohio, 
Bine Eock spring, at East Oleveland, is of this character. The mag- 
netic springs at Bellbrook and Delaware and at Magnetic Springs are 
all reported by Dr. Peale to be calcic, no mention being made of cha- 
lybeate character. Two analyses from the Lenape springs show about 
one-half grain of iron oxide per gallon, and one from the Bellbrook gives 
less than one- fourth grain, while the Ohio Magnetic, at Magnetic Springs, 
and the Electro-Magnetic, near Woodstock, show only a trace of iron 
oxide. Hawkins chalybeate springs, at Richmond, Indiana, appear to 
be misnamed, as only 0.18 grain of ferrous carbonate is reported in the 
analysis. 

WATER ANAIjYSES. 

In Ohio the State board of health is required by law to approve all 
public water supplies when Introduced, and it has in accordance with 
this law in every case made an analysis of the proposed supply. The 
analyses may be found in their annual reports. In Indiana also steps 
are being taken by the State board of health for a similar publication 
of analyses. 

In many cases waters have been analyzed independently of the * 
boards of health. Several such analyses have been sent to the writer 
in connection with the schedules for city water sapi>ly, and are here pre- 
sented. A few analyses of the artesian wells, mineral springs, and other 
waters of special interest also appear. Sanitary analyses are presented 
in the discussion of city water supplies. 

It will be observed that the deep wells usually contain a much larger 
amount of mineral matter than the springs and shallow wells. The 
French Lick, Indian, and West Baden springs of southern Indiana are, 
however, heavily charged with mineral matter, as are also the springs 
near Cleveland and Green spring in Seneca County, Ohio. The majority 
of springs and shallow wells are slightly saline, while the deep wells 
are usually strongly saline. The tables following illustrate what has 
already been stated to be a general condition in Indiana and Ohio. 
They also set forth fairly, as it seems, the variations in quality of water 
found in this region, and afford a basis for instructive comparisons. 

In a few of the waters included in this table of analyses substances 
have been found which are not reported in the table. They may be 
found in a large proportion of the waters, since analyses are seldom 
complete. 

Alumina is found in measurable quantities in the following: Marion, 
Indiana, 0,29 grain; Greencastle, Indiana, " No. 1," 0.15 grain; " !N^o. 2^ 
0.07 grain; Shoals, Indiana, 0.62 grain; Spencer, Indiana, 0.697 grain; 
Cuyahoga lithia springs, near Cleveland, Ohio, 17.67 grains; Dayton, 
Ohio, "No. 1," 0.3599 gram; "No. 2," 0.3251 grain; Defiance, Ohio, 
0.36 grain ; Green spring, 0.98 grain; Ohio Magnetic spring, 0.12 grain; 
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Ke w Paris, Ohio, 0^22 grain ; Eipley, Ohio, 0.68 grain ; Van Wert, Ohio, 
0.09 grain. 

Aluminiam sulphate is reported as follows: West Baden <'No. 1," 
4.55 grains; Bellefontaine, Ohio, 2.92 grains; Gayahoga bitter spring, 
515.51 grains. In this connection attention is called to the occurrence 
of "bitter water ^' in wells in the drift in the vicinity of Bellefontaine 
and thence eastward past Marysville to the vicinity of Delaware, Ohio. 
Knmerous instances are reported in the Geology of Ohio, and such 
water is in some localities so prevalent as to give them the name of 
" bitter water districts." So far as known to the Writer no analyses 
of these" waters have been made. They may contain aluminium sul- 
phate, but their bitter taste appears to be due to some other ingredient. 

Aluminium chloride is reported in but one analysis, the Cuyahoga 
lithia water, which contains 17.67 grains. 

Calcium phosphate is reported as follows : Lafayette, Indiana, 0.50 
grain; Lodi, Indiana, 1.20 grain; Montezuma, Indiana, trace; Kew 
Paris, Ohio, 2.13 grains. 

Calcium sulphide appears in the following: Montezama, Indiana, 3.55 
grains; Shoals, Indiana, 24.43 grains; Spencer, Indiana, 0.392 grain; 
Eipley, Ohio, 14.90 grains. At Shoals, Indiana, 18.88 grains of calciam 
disulphide and 33.072 of calcium hyposulphide are reported. The water 
at Kipley, Ohio, also contains calcium hyposulphide, 2.58 grains. 

Iron is usually reported in the form of oxide, but in the following 
cases ferrous carbonate is reported : Anderson, Indiana, springs, 0.98 
grain; Crawfordsville, Indiana, 0.62 grain; French Lick spring, 2.49 
grains; Greencastle spring, "No. 1," 0.40 grain; "No. 2," 2.37 grains; 
Mifflin, Indiana, well, 8.925 grains; Eichmond, Indiana, springs, 0.18 
grain; West Baden spring, "No. 2,^^ 3.60 grains (including aluminium 
carbonate); Eaton^s well at West Fork, Indiana, 2.38 grains; Cuyahoga 
lithia spring, 0.82 grain; Cuyahoga bitter spring, 0,47 grain; Green 
spring, Seneca County, Ohio, 19.70 grains ; New Paris, Ohio, 1.32 grains; 
Stryker, Ohio, 9.93 grains ; Woodstock, Ohio, 16 grains. In the following 
cases ferrous sulphate is reported : Indian springs, 24.28 grains ; Marion, 
Indiana, well, 1.48 grains; Green spring, Seneca County, Ohio, 6.53 
grains. At Shoals, Indiana, and Eipley, Ohio, the iron is reported as 
sulphide, and at the Ludlow Grove salt well as chloride. 

Lithium chloride is found in several of the wells and springs, as fol- 
lows: Montezuma, Indiana, trace; Shoals, Indiana, 5.93 grains; Cleve- 
land Blue Eock spring, 2.16 grains; Cuyahoga lithia spring, 2.74 
grains; Cuyahoga bitter spring, 4.26 grains; lithium carbonate (8.84 
grains) is rex)orted in the Eipley analysis. 

Magnesium bromide appears in the following analyses : Lodi, Indiana, 
0.88 grain; Shoals, Indiana, 2.32 grains; Cincinnati sulphosaline well, 
0.39 grain; Eipley, Ohio, 0.52 grain. Potassium bromide (16.76 grains) 
is rex)orted in the Green spring analysis, and sodiam bromide (28.21 
grains) in the salt well at Ludlow Grove, Ohio. In this connection it 
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may be remarked that the brines of Ohio are generally found to be rich 
in bromine. 

Magnesium iodide is reported in three analyses, as follows: Shoals, 
Indiana, 0.004; GincinnatiarteBian,t).19 grain; Cincinnati salpho-saline, 
0.30 grain. Sodium iodide appears in small amount in two analyses, 
there being a trace at Montezuma, Indiana, and 0.20 grain in the Cleve- 
land Blue Eock spring. 

Magnesium sulphide is reported only in the Eipley analysis, 19.26 
grains. Potassium sulphide is reported only at Spencer, 1.9 grains. 
Potassium nitrate is reported only at Shoals, 7.86 grains. 

Sodium phosphate appears in two analyses: Cincinnati sulpho-saline 
well, 1.34 grains; Cleveland Blue Rock springs, 5.25 grains. Sodium 
silicate is reported only at Columbia City, Indiana (0.14 grain), and 
sodium sulphide at Spencer, Indiana (0.94 grain). 

Ammonium chloride is reported in considerable amount, 8.35 grains, 
in the Shoals, Indiana, analysis. 
18 GEOL, PT 4 32 
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WATER SUPPIiTES FOR CITIES AND VUiliAGBS. 

There is considerable variation in the water resoorces for the sapply 
of cities and vUlages, some cities being entirely dependent apon wells, 
while others have easy access to streams, springs, and lakes. Several 
cities on the border of Lake Erne obtain their supplies largely by pump- 
ing from the lake. Lake Michigan is drawn upon to a slight extent by 
towns in Indiana sitnated on its borders. The cities along the main 
streams may generally use the stream water with safety. In addition 
to this they have usually an available supply of good water from wells 
of slight depth. Cities not located near the lakes or large streams 
resort, in some cases, to storage reservoirs formed by damming small 
streams, but the greater number depend entirely upon wells. In a few 
instances small lakes furnish the chief water supply. In rural districts 
and in villages which have no waterworks the supply is mainly from 
wells of moderate depth. Deep wells are less extensively used than in 
Illinois, owing to the salinity of the water in much of this region. 

A study of the development of the water supply in cities shows that 
in the early days almost without exception they used shallow wells. 
But with the growth of the city these often either became inadequate 
or were found to be contaminated. A change was then made to streams 
if they were available. 

The statistics concerning the cost of waterworks and systems used, 
contained in the tables which follow, in most instances have been fur- 
nished by the oflScers in charge of the waterworks or- by citizens com- 
I>etent to furnish them. In the case of a few cities no response was 
obtained to the application for data, but in nearly all such cases the 
statistics necessary for completing the tables have been found in the 
Manual of American Waterworks,^ published by the Engineering Kews. 

In many cities where waterworks are constructed a large part of the 
citizens use private wells, in some cases because they consider the city 
water unpleasant, but more often to avoid the water tax. In the great 
majority of the towns on the uplands a good quality of water may be 
obtained at slight depth in beds of sand or gravel below till or other 
clay, or at reasonable depth in the underlying rock, where drift is thin 
or is absent. The cities and villages most liable to have polluted water 
from shallow wells are situated either in valleys or in the sand-covered 
districts which occur in the northwest part of Indiana, or on gravel 
districts on the border of moraines. In these situations there is liable 
to be too little clay to prevent the infiltration from cesspools. Several 
cities i^ valleys have regulations against the use of private wells that 
are subject to contamination, but there is need for more stringent 
regulations. 

> The letter ** M " Appended to name of city or village indicatea indebtedneee to this Mannal. 
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SURFACE WATER. 

The nse of surface water in Indiana and Ohio as a source of city 
water snpply is shown in the following list, nearly complete, of the 
cities and villages in which this is the chief source of supply. The 
table of population indicates that surface water is used to some extent 
by about 400,000 people, or nearly one- fifth of the population of Indiana, 
but it is probable that not more than half the population in the cities 
which use surface water in that State obtain their supply from the 
waterworks, for private wells are extensively used in nearly all the 
cities and villages. Probably less than one-tenth of the population are 
dependent upon this source of supply. 

In Ohio the cities using surface water have an aggregate population 
of about 1,130,000. In this State a much larger proportion of the x>op- 
ulation depends upon the waterworks system than in Indiana, for such 
cities as Cincinnati and Cleveland and several smaller cities, situated 
in valleys, supply nearly their entire iK>pulation through waterworks 
systems. It is probable that at least one-fourth the population of 
Ohio, or nearly 1,000,000 people, are dependent upon surface water sup- 
])lied to them through waterworks. 

The sanitary analyses, some of which are given later in this paper, 
indicate that this source of supply is usually but little contaminated. 
Where proper precautions have been taken to locate the pumping sta- 
tions out of reach of contamination by the city's sewage this source of 
supply is found to be less dangerous than that of a large proportion 
of the private wells. The city of Cleveland, which receives its water 
supply through a tunnel extended out beyond the reach of contamina- 
tion by the city's wastage, is not often forced to use contaminated 
water. It is more fortunate in this respect than the city of Chicago, 
where seldom a year passes in which polluted water is not driven out to 
the intakes and pumped back for city use. Some dissatisfaction is felt 
because of the sediment carried by streams in their flood stages, but 
this is not generally a source of danger, and may to some extent be 
lessened by an improvement in the filter galleries. Several cities 
along the Ohio Elver have already introduced a system of infiltration 
wells which enables them to furnish water nearly free from sediment. 



504 



WATEB RESOURCES OF INDIANA AND OHIO. 



t 






e 

S 

^ 



I 

»5 



ts 






$ 



w aoSSwwSoSooSSoSoo QoSooaSSSooo 



1*. 



s 



§•2 SI 8 8 « 5f 5*^. 

^M M M 



ii 



IS 






a 

GQ 



h & 



a 
P. 

a 



Q 



13 



•M Ml ar^ 






3 5 I 5 i 

to p, C « C 



a 










■i-i 



P!$ 

•c 2 



• fl 
Ml 

^ a 

en H 



.d 



c 
o 



o 






» 






iS P^ 



1« -l^ 






O 



•*3 

ao 

eg 



o 



® « 

s s 

a BO S 

bC bO 

S Q 

CO CO CO 



i 

bp 



If 



ef 



i 






.d 



^ 






m 



^ 2 
lA O 






« S ^ « 

■SI M 



> 
04 



.0 



0.0™, 



o 



CO CO O ..^ 00 
rf <* t:. rs" 






04 



Oa ri <P ^ rH <D rH 






<6 



I 



fl 









111 I 
pq S n n 



.2 • -g: 
C 





J4 



n 



O 

« o 




i 

■3 
S 

o 
« 

o 

I 



•a 




el 

3 

B 
S 

a 


• 

o 


13 







e« 



UTBBITT.] 



SUEFACB WATER IN INDIANA. 



605 



t 

a 
a 

■♦a 

a 
o 

I 



•a. 

s 



I 

I 

I 



3 




506 



WATER BESOUBCES OF INDIANA AND OHIO. 



Si 



^ 



So ^ oo xaoaoaooooSS) 



5« 



^ 



o 



s 

o 

;sf 8«f ^" 2 g' 

' • -• M 



fe - s 



OC9 



id 



o 

I 



B 
5 

OB 

OS 



s 

Q 
P 

B 

a 
8 

c 

« 

p< 

-o ^ 

o I* 

a J; & 

B ^ S 
a > a 

Oi Pi 



a 



a 

P< 

s 

p. 

u 

e 



»4 



III 

n b te 






& 

•5, 

CD 

O 



s 

•a 



I 

m 

s 



o 



01 



5 



« 

I 






a M te g 

3 5 3 € 
till 1 1 

B 6 



a 

p 



E B s a 

3 s d 
p^ PLi Pli CU 



3 

Pi 



e 

^ o 
S 8 

3 is II ^ 



9 



CI 

P« 

I 

a 

H 

« 

bB 

a 



u 

3 

a 

s 

a 

s 



CI 



I! 



(2:3 






CO 

Si «o 



>H QC r^ to 



6 

I 



a 
g 

d 






3 
n 

I 



I- I * 1 a 1 § 



M 



.] 



SURFACE WATER IN OHIO. 



507 



I 



I 



a 

••* 

Ob 
9 









SSIiieg ill Isi g § § §S 



So 



5« 



:3 



i§ 



III 



Sf S' 1" 8" £ 8 8"«»: ^ Sfjf 8" I" i' i'S' if ^f. g S" 

" WW 



M W 




a 

a 



s 

H 

« 

a 
5 



a 
1 



§§§§iii s i § § 



s 

r-i 




I 



r-t lO 



I 



7^ 



« a 



111 



s 



iS 



I 

W 



508 



WATER RESOURCES OP INDIANA AND OHIO. 



go 






S 

a 


O 

O 

i 



9 



9 



IS 

X 



O 

IS 



9 ^ 









l^ r-t 






ii I 



eo S 



5« 



8; 



s 



s 






' M 



SOCC lOO 9 OM r^ o o« la 

E4 |g H f^ 






■h 



s 






OB 



I 
I 

a 
ea 

e 

hi 

OB 



c 

•s 

I 

OB 

£ 

o 



•i-i 

I 

OB 
O 



1. I 



&4 



a 

a 



CO 



if 

ki «a 

P M 






OB 

5 
p. 

a 

s 




»4 



1 



p p^ 



'2 pt 'g 01 3 

s. t & t -s 

i I gl I 

pui p A4 p P 



S 5 



8 
S. 

P< 

•a 



Hit 



B. a 

a 

P4 



P. 

I 

n 



I 

•3 
I 



o 



a 



o 

•I-I 

O 



•g 



p 

J! 



s 

el 

•a 
p 
c 



p« > 

s ^ 



a 
o 



a 

•0 

p« 

IB 

^ a 

•S <C 4j 



WW 

s 



p 



hi 

> 



es 

S P ^ 
O PQ O 



P 



s 



hi 









s 



o 
o 

p -^ 

tfi H S> P4 

^ p. 4 o; rP 

O GQ M QQ O 



p 

« 



9 



I 

B 

P 
PUi 



e 



hi 
P ^ 

*4 p 

^ i 

(p ^ 

M H 



I 

3 



ga I 

^ s P 

ill 









—I o 



I s s 



s S 



eo 



CO 



N <* 



e^ rH S M C« 04 

00 i-T 00 eC cf 



9 

§ 



1 

P« 
P 

'3 

a 



Ph 




p 

s 

a 

s 



5 



1^ 

r '^ o ^ 
I § -2 

i 98 j§ 



go 

P 



ea 

t 



HaoP.=3s sp 



P 

p 8 

o 



I i I J 11 



:i »^ 



i 
I 

p 

i 

SB 
••I 

I 

JZ5 



.] 



BURFACE WATER IN OHIO. 



509 




510 



WATER RESOURCES OF INDIANA AND OHIO. 



00 

o 

I 



^ a 



^ 









S 

CD 

CO 



I- 

I 

I 





OQ 



00 Sd 00 S oD V CO 



04 

3 



8 8 8 8 g"^" 



•a 

§ 

« 
P. 

00 



•r P« 

ii 



E 00 



o 

o 

c 

s 



s s s 

Pi Ht P* 



8« iOOO oo» 



(4 



H 

eq 



»4 



B S 

S 



P ^ 

S" •»- 

• o 

I I 

« 
a 



i 



> 

bfi o O 

a > 



*p« 

I 

to 

s 

1 

a 

p 

0^ 



I 

9 

p« 

p 

CD 



•8 
p< 

i 



i4 

S 



p 

s 

I. 



p 
o 



I 



OD IB •'• •^ 

bo & P p^ 

p p ® ^ 

I •§ "3 I 

CA 03 S O 



OS 

a h rp 

•a 5 p 

g ► I 

_ "P .. 

P P • 

*C P <« 

sr a I 

s 5 ■§• 



► 

P4 

bfi 

P 

•»■ 

P 

o 



'^ 



p§ 
a 

g, 

p 
•»^ 

s 
;4 



H 

bC 

P 

gP 

p,S 

. « 
'-P 



« P 



■A 






i 



p . 

a.pS 



C» O -* CO t» t» 

lA lA lO A e« So 



ci> e 1-1 lo lo •« 



A g rH 
C4 S S 
ri irf" t-^ 



§3 e^ 



I 



p 
•p 

p 

01 
CO 



Pi t "^ ^ 

'-' O »^ P 

g ► g •? 3 

•^ c4 « o « ::3 



bO 

§ 



3 

o 



n. ■•_ »• •• '■r >«r a*^ ^^ 



p 
«> 



s 

to 

3 

o 






s 

ISl 



umuuBR.] SUPPLIES FOB CITIES AND VILLAGES. 511 



SHALLOW WELLS IN VALLEYS. 

More than 100 cities of Indiana and Ohio are so situated in valleys 
that the most convenient source of water supply is from shallow wells 
sunk to the level of the stream. In many cases the wells reach no 
lower than the alluvial deposits of the valley, but in some cases they 
pass through glacial deposits beneath the level of the stream bed, pene- 
trating sometimes a thick bed of clay or a nearly impervious stratum 
above the beds which yield the water. It is difficult to determine what 
proportion of the water supply in valley wells is polluted, but the dan- 
ger of pollution is certainly great, and such wells should be subjected 
to frequent examination and promptly abandoned when found to be 
polluted. Those cities which obtain a supply for waterworks from beds 
of alluvium usually take the precaution to locate the wells on the up- 
stream side of the city, where danger from contamination will be at a 
minimum. Such wells are much safer than the private weUs sunk 
within the city limits. 

In the following table, which embraces the principal towns deriving 
water from the shallow wells in valleys, the general nature of the cover 
or beds overlying the water-bearing stratum is indicated. In cases 
where the cover is noted to be << imperfect '^ there appears to be nothing 
to prevent surface filth from reaching the water bed. In the cases 
marked ^MoubtfuP there are some indications of protection from con- 
tamination, either by the presence of a nearly impervious stratum 
where wells are shallow, or by the distance to the water bed where 
wells are comparatively deep. In cases marked ^< fair " there is thought 
to be very little danger of contamination, for the water horizon is 
either too deep to be within the reach of such pollution within the city 
limits or is known to be beneath a practically continuous sheet of an 
imi)ervious clay. The only apparent danger arises from lack of con- 
tinuity in this impervious cover. In cases where the water cover is 
said to be ''good" there appears to be no ground for suspicion of sur- 
face contamination of any kind. A word seems necessary at this 
I)oint concerning a careless pollution of wells. It is found that in 
places where wells would be otherwise free from contamination pollu- 
tion is frequently introduced by throwing slops and refuse matter 
around the well mouth, where it can scarcely escape filtration into the 
well. 
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WELLS IN GLACIAL DRIFT. 

Within the glaciated portions of Indiana and Ohio a large number 
of cities and villaged obtain their entire snpply of water from the 
glacial drift. Water-bearing beds of gravel or sand are in many towns 
adequate to 8upi)ly a waterworks system, and the quality of water fur- 
nished is usually superior either to surface water or to water from wells 
in the rock. There is less danger of pollution than in the wells of sim- 
ilar depth in the valleys, noted in the preceding table, for the cover is 
generally a compact bowlder clay. There is also less concentration of 
water than in the valleys, and consequently less danger of surface con- 
tamination being distributed to the wells in the neighborhood. In the 
following table, which embraces the principal towns depending upon 
wells in glacial drift, the character of the cover is indicated, as in the 
preceding table. It will be observed that very few instances have been 
found in which the cover appears to be imperfect or of doubtful pro- 
tection from surface contamination. It will be noted that in some cities 
water is obtained at two horizons, and that in some cases the upper 
horizon has a doubtful cover, while the lower has a good cover. The 
advisability of sinking to the lower stratum is coming to be recognized 
in such towns, and the shallow wells are rapidly going out of use. 
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WELLS IN ROCK. 

A large number of cities and vUlages, both in Indiana and in Ohio, 
obtain part of their water snpply from wells in rock. In the anglaci- 
ated portions of these States, except along the principal river valleys, 
the wells are almost entirely obtained in rock. As the writer's study 
was confined mainly to the glaciated portions of these States, the data 
from the unglaciated portions are rather meager. In the unglaciated 
districts cisterns are largely used, as it is less expensive to collect water 
in this way than to drill wells, and the abundant rainfall makes this a 
reliable means for obtaining water. 

In the following table such data concerning wells in rock as are 
available have been grouped under several heads. These data are 
made up in part from notes gathered when in the field and in part from 
the schedules for city water supply, which were filled out by city offi- 
cials or other competent residents. 

The depth of wells here given usually indicates the horizon at which 
the water is most abundant, but in some cases where water is found at 
various levels the range in the d^pth of wells is indicated. It will be 
observed that in some cities the waterworks supply is from a lower 
horizon than that of the private wells, but in many cases the public 
and private wells are from the same horizon. 

The water bed and quality of water, it will be observed, bear a defi- 
nite relationship, water found in limestone being always hard and in 
sandstone usually soft. A few chemical analyses have been made which 
furnish definite information concerning the quality of water. These 
appear on another page. In the absence of analyses the popular esti. 
mate of the quality of the water is given, which, though not very 
definite, has considerable value. 

The capacity of the wells is usually estimated by city officials. When 
numbers are given there have in some cases been accurate measure- 
ments, but as a rule only estimates or rude measurements. Some effort 
was made to determine the size of wells, in order to learn their rela- 
tion to the capacity, but very little information could be obtained. 
It may be stated, however, that wells drilled in the rock are usually 
not less than 4 inches and not more than 12 inches in diameter. The 
majority of which the size was reported are 6 to 8 inches in diameter. 

In the table showing the head from the surface the numerals indicate 
the distance below the surface, except where + is prefixed, when it is 
above the surface. Where water stands within a foot or. two of the 
well mouth the word " surface ^ is used to designate the head. Where 
wells overflow and the height to which water will rise is not known the 
word "overflow 'Ms used. It is probable that most of the numerals 
indicate the average head of the wells, especially in cases where the 
wells can be lowered by pumping or where the head decreases in sea- 
sons of drought. 
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DETAILED OBSERVATIONS. 

In many cases the conditions for obtaining water supplies can not 
well be stated m tabular form. It therefore seems necessary to sup- 
plement the tables by explanations covering such cases. The cities or 
villages thus discussed are taken in alphabetical order, first in Indiana 
and then in Ohio, ai)d are not grouped as in the above tables. 

INDIANA CITIES AND TOWNS. 

Anderson, Indiana. — This city stands on the bluffs of White River, the part near 
the river being broken or rolling land, standing 75 to 100 feet above the stream, 
while the part back from the bluff is nearly level. In the central and eastern por- 
tions of the city water is found in gravel beds at an average depth of 85 feet, and 
has very little impervious clay above it. In the south and west parts of the city 
much blue bowlder clay is.penetrated, and water is found at various depths, rang- 
ing from 50 to 100 feet or more. An artesian weU located near the waterworks 
pumping station in White River Valley is discussed above (p. 487). (Information 
furnished by James T. Knowland, clerk of waterworks.) 

Bloamington, Indiana, — ^This city obtains its supply for the waterworks from two 
large springs, the larger of which is called Stone spring. The water is collected 
in a reservoir, which receives more or less drainage from the surrounding country. 
The waterworks supply is not used for culinary purposes, the residences being fur- 
nished with cisterns and in a few instances with wells or springs. Situated as the 
city is on a driftless upland, these are its only resources. An artesian well drilled 
to a depth of 2,730 feet failed to obtain a suitable quantity or quality of water for 
city use. (Information obtained from C. £. Siebentbal and from State geological 
reports.) 

Bluffton, Indiana, — There are about ten wells drawn upon by the waterworks, the 
majority of which are 100 to 200 feet in depth, but one weU is 300 and another 500 
feet. The water is very hard, but is otherwise unobjectionable. In seasons of drought 
the Wabash River is drawn upon to meet the extra demands for watering lawns, etc. 

BrookvilU, Indiana. — ^The waterworks supply is obtained from two large open 
wells sunk in gravel within 30 feet of the edge of Whitewater River, about one- 
third of a mile above the corporate limits of the town. The wells are 24 feet in 
diameter and are sunk 12 feet below the lowest water in the nver. The present 
consumption occasionally reaches 300,000 gallons per day. The sanitary analysis, 
made by Prof. H. A. Huston, State chemist, is as follows : 

PartA in 100,000. 

Free ammonia 0. 0106 

Albuminoid ammonia 0. 0888 

Nitrogen m nitrates None. 

Nitrogen lu nitrites 1 Trace. 

Phosphates : Trace. 

Bromine. . .'. None. 

HardneeB (Clark's scale) | Jl^S I S--' 

An analysis ot the mineral ingredients is presented on another page. (Informaticn 
furnished by John Burkhart, superintendent of waterworks.) 

Columbia City, /nef tana.— This city finds excellent water in gravel at a depth of 
about 75 feet, which supplies many private wells. At the waterworks there are 
three 8*inch wells 280 feet in depth, which enter limestone and have a united 
capacity of about 1,000,000 gallons per day. Temperature of water, 50.5^ F. Chem- 
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1g«1 analysis appears on another page. (Information ftimiBhed by J. M. Httriaon, 
mayor.) 

Ckndngion, Indiana, — In the vicinity of this city there are numerous springs, both 
from gravel beds and underlying sandstone, some of which furnish the city water 
supply. There is also a well over 300 feet in depth, known as the ''Artesian well/' 
hut which does not overflow. This yields an abundance of "sulphur water/' and 
the city is taking steps toward bringing it into extensive use. (Information fur- 
nished by A. T. Livengood, mayor.) 

Danville, Indiana, — This city obtains its water supply ftom four 2-inch and two 
8-inch wells driven to a depth of 110 feet in the glacial drift. The water obtained 
is of medium hardness, with a little iron and sulphur^ and has a head 26^ feet above 
the surface. The average flow of each well is about 2,000 barrels per day. (Infor- 
mation by C. C. Hadley, president town board.) 

JElkhari, Indiana, — A large well 34 feet in depth and 27 feet in diameter, excavated 
in the glacial drift, will yield 2,000,000 gallons per day. There is a thin bed of clay 
overlying the water-bearing gravel which is thought to protect it from contamina- 
tion. Many driven wells in the city obtain water at from 25 to 100 feet without 
entering rock. In these wells the head ranges from 3 feet above to 7 feet below the 
surface. 

Eransville, Indiana, — The city water supply is obtained from the Ohio River by 
direct pumping. A new waterworks plant is being constructed and a general recon- 
struction of the system is being made. There are several deep borings in the city 
and vicinity, some of which supply water to parks and a natatorinm. (Information 
furnished by August Pfafflin, city engineer.) 

Fort Wayne, Indiana. — The public water supply is from 54 wells, about one-half in 
gravel, at a depth of 40 to 60 feet, and one-half in rock, at a depth of 250 to 450 
feet. Capacity of wells 7,000,000 gallons per day. Pumping capacity 11,000,000 
gallons per day. Probably 28,000 persons, or two-thirds of the population, are sup- 
plied from these wells. The remainder use private wells and cisterns. A sanitary 
analysis made by the city chemist, L. P. Drayer, is as follows : 

Parts in 100,000. 

Total solids 9.32 

Free ammonia Trace. 

Albuminoid ammonia Trace. 

Chlorides 0.35 

Nitrogen in nitrates and nitrites Trace. 

Iron in minute quantities. 
Bacteria per cubic centimeter, 210. 

Occasionally a turbidity exists, due to particles of finely divided clay, but the 
water is generally clear. The wells in the drift have at least 7 feet of blue clay 
Just abuvc the gravel, which is thought to protect them from surface contamination. 
Several deep borings have been made in the city and vicinity in prospecting for 
natural gas, and one well was sunk for artesian water at the court-house square in 
1875, but without obtaining a flow, though a depth of 3,000 feet was reached. The 
water furnished by these wells is not considered preferable to that now in use, and 
the expense oi boring may be considered a total loss. One boring, near the bank of 
the Maumee River, in White's addition, overflows at the rate of 400 gallons a minute. 
The water is of excellent quality, but it is not utilized. (Information furnished by 
Prof. C. R. Dryer.) 

FranJcfortf Indiana. — The public water supply is obtained from six 8-inch wells, 
bored in the bottom of a reservoir sunk 28 feet in depth. The wells extend about 
30 feet below the bottom of the reservoir. The capacity of the wells is found to be 
about 6,000,000 gallons per day. Three sanitary analyses of water were made by 
Prof. T. C. Van Nuys, of the State University, one specimen being taken from an 
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old welly another from a faucet in the engine house, and another from a new well. 
They show very little difference; and the average of the analyses is as follows: 

Parts In 100,000. 

Total solids 34.64 

Calcium oxide 8. 56 

Magnesium oxide 6. 08 

Organic matter 6.66 

Chlorine 0.77 

Ammonia 0. 23 

Nitric acid 0.15 

Garrett, Indiana, — The following analysis of water at the wells of the Baltimore 
and Ohio Railway headquarters were furnished by £. J. Hughes^ M. D. : 





Parte in 100,000. 


85-foot well. 


75-foot well. 


Total solids '. 


36.30 

0.40 

0.071 

0.009 

Alkaline. 

Turbid. 


65.38 
1.16 
0.003 
0.0029 
Alkaline. 
Clear. 


Chlorine - ' . 


Free ammonia , ...r - -- r 


Albuminoid ammonia 


Reaction - 


Turbidity .' 





This analysis apparently indicates contamination of the shallow well, and Dr. 
Hughes writes that the overlying beds are probably not sufficiently impervious to 
prevent contamination. The larger amount of chlorine in the deeper well is, perhaps, 
derived from mineral substances in' the drift and is probably not due to surface 
contamination. The Manual of American Waterworks reports tliat waterworks con- 
structed in 1896 obtain supply from four 8-inch wells ; depth not noted. 

Greenshurg, Indiana. — The entire waterworks supply is from one well 75 feet deep 

and 12 inches in diameter, 50 feet in the drift and 26 feet in underlying limestone 

The main supply of water was struck at 21 feet in the rock. Here the ^ill dropped 

10 inches, and drillings below this depth could not be pumped out. The average 

daily consumption from this well by the city and railway companies is estimated to 

be 7,500 barrels of 40 gallons. The well has been pumped at the rate of 2,000,000 

gallons per day without any appreciable exhaustion, and it is thought that the well 

may be depended upon for this amount. The following sanitary analysis was made 

by Prof. E. G. Smith, of Beloit, Wisconsin : 

Parte in 100.000. 

Free ammonia 0. 066 

Albuminoid ammonia 0. 004 

Chlorine 0.62 

Nitrites None. 

Nitrates Trace. 

/ Temporary, 11.5 degrees. 
Hardness < Permanent, 8.0 degrees. 

( Total, 19.5 degrees. 

An analysis of the mineral matter is given on another page, and shows calcium 
and magnesium carbonate to constitute the bulk of the mineral material. (Above 
data furnished by Prof. W. P. Shannon, of Greenshurg, and Mr. William F. Ross, of 
Rochester, New York.) 

Hammond, Indiana, — ^The public water supply for the city of Hammond is obtained 
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from pipes extended out beneath Lake Michigan A 16-inch pipe, running about 
1,600 feet into the lake^ leads to a well or settling basin 10 feet in diameter and 30 
feet deep. Another pipe, 24 inches in diameter, is extended 2,000 feet into Lake 
Michigan. This leads to a well 20 feet in diameter and 20 feet deep. The two wells 
are properly screened from surface contamination. This water has displaced the use 
of artesian wells, and supplies the locomotives for several railroads as well as the 
engines for several large factories, all of which had found the use of artesian water 
unsatisfactory. The private wells of Hammond are often obtained without passing 
through any impervious stratum, and it is thought much danger may arise from their 
use. The use of such water is being abandoned as the superior character of the pub- 
lic water supply comes to be recognized. (Information furnished by W. F. Bridge, 
city engineer.) 

Huntingtonf Indiana. — ^Eleven wells have been sunk near the waterworks station 
to a depth of about 100 feet, but the supply being inadequate, water is also pumped 
from the Wabash River. A large part of the population still depend upon private 
wells, and the water thus obtained seems to be pure. (Information furnished by 
S. T. Cast, mayor.) 

Ifidianapolia, Indiana, — The Indianapolis Water Company supplies also the suburbs 
West Indianapolis, Haughville, and Brightwood. It obtains about three-fourths of 
its supply from wells and one-fourth by filtration from White River. Both the well 
water and the river water are hard, and the well water is slightly sulphurous and 
chalybeate. Water is found most abundantly at a depth of 30 to 50 feet near the 
base of the gravels of tho river valley. Such water is liable to contamination, being 
unprotected by beds of clay or other impervious stratum. For this reason the water 
company have sunk to lower horizons, obtaining some water from near the bottom 
of the glacial drift after passing through a bed of blue bowlder day, and some from 
the rock. Numerous private wells have been sunk in the city to the water bed near 
the base of the glacial drift, and these supply a limited quantity but excellent qual- 
ity of water. The use of river water by the city is highly objectionable, because of 
the location of gas wells along the stream a few miles above the city, from which 
there is more or less leakage. (Information furnished by Mr. F. A. W. Davis, super- 
intendent of Indianapolis Water Company.) 

Knox, Indiana. — In the vicinity of Knox and throughout much of Stark County 
water is obtained in the surface sand, it being difficult to case it out and reach a 
lower water horizon. There is some uncertainty also in the supply from lower hori- 
zons. The use of such wells necessitates much care in the prevention of surface 
contamination. 

Kokamo, Indiana. — The public water supply of Kokomo was obtained by drilling 
several small wells in the bottom of two large excavated wells. There are also wells 
drilled in the vicinity of the water-works station from which water is piped into 
the large open wells. The water, being from a pyritlferous limestone, contains suf- 
ficient Iron sulphate formed by decomposition of the pyrites to be detectable, but 
not, as a rule, objectionable. Deep wells are discussed on another page. 

Lafayette, Indiana. — The public supply for the city of Lafayette is from a bed of 

gravel underneath the Wabash River at a level about 40 feet below the bottom of the 

stream. Prof. H. A. Huston, State chemist of Indiana, reports that since this source 

of supply was substituted for the ordinary water of the river in 1892, there has been 

a decided improvement in the health of the city, which he attributes to the better 

quality of the water. E^ofessor Huston has furnished the following analysis of this 

water: 

Farts in 100,000. 

Chlorine 0.85 

Nitrogen in ammonia salts 0. 0005 

Nitrogen in albuminoids 0. 0018 

Nitrogen in nitrites None. 

Nitrogen in nitrates 0.4610 
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Parte in 100,000. 

Phospl&orio ftcid None. 

Sulphur trioxide 2.28 

Silica 1.08 

Iron and aluminium oxides 0. 32 

Calcium oxide 10.82 

Magnesium oxide 4. 42 

Potash (KaO) , 0.82 

Soda(NaaO) * 2.64 

S Permanent, 6 degrees (Clark). 
Temporary, 6 degrees (Clark). 

Professor Huston states that the water is hard for boilers and a great soap con- 
sumer, but that from a sanitary standpoint no better has been found in the State. 
He considers the well water obtained on the slopes of the Wabash bluffs an unsafe 
supply. 

An artesian well in this city, made some years siuce, obtains a flow of sulphurous 
water from a depth of 235 feet and a gas- well boring obtains a salt sulphur water 
at a lower depth, the boring being 1,000 feet. These are discussed on another page. 

Logan$portf Indiana. — The public water supply is mainly pumped from Eel Biver, 
but several springs in the bluff north of Eel River are collected in wells and supplied 
by the waterworks to the eity for drinking. The water power from a race connected 
with Eel River is used in pumping, and has supplanted the use of an engine. The 
private wells in the city are found in gravel near the level of the Wabash and Eel 
livers. In some cases they penetrate a bed of clay, but are usually entirely through 
loose sand and gravel and are thought to be liable to contamination. (Information 
given by W. B, Ray, city engineer.) 

Marian, Indiana.-^The city of Marion draws its public water supply firom two 
sources — wells in the drift about 70 feet deep and wells in limestone about 240 feet 
deep. The water flows from both classes of wells, but the flow is not sufficiently 
rapid to furnish what is needed, hence a compressed-air lift is used. The water is 
very hard and is slightly chalybeate. An 8-inch well furnishes ordinarily about 
4,000 barrels a day. (Information furnished by Louis Yon Behren, mayor.) 

Martinttfilley Indiana. — There are three classes of wells in this city : (1) Wells 20 to 30 
feet in depth, driven or excavated in the gravel of the White River Valley ; (2) flowing 
wells 40 to 60 and occasionally 90 to 120 feet in djepth, obtained in beds of gravel 
beneath glacial clay; (3) deep wells sunk for use at the sanitariums, 675 to 1,490 feet 
in depth, the majority being about 700 feet. The water is sulphurous and moder- 
ately saline, as well as hard. Analyses are given on another page, and also other 
statistics concerning the use of this water by the sanitariums. 

The city water supply is obtained from one large open well 30 feet in diameter and 
30 feet in depth, together with nine driven wells of similar depth. No grounds for 
suspecting its contamination are known, though the cover is apparently rather 
imperfect. (Information furnished by Henry Shoreman, Jr., postmaster, and by C. S. 
Cunningham, esq.) 

Michigan City, Indiana, — The public water supply is obtained from several 6-inch 
driven wells, supplemented in seasons of drought by water from Trail Creek. Water 
from the drift is preferred to a sulphurous artesian- well water, which may be obtained 
by sinking wells into the underlying Niagara limestone. (Information furnished by 
A. W. Frehse, superintendent of waterworks.) 

Mitokellj Indiana, — Wells are usually obtained in the vicinity of Mitchell at a depth 
of 30 to 50 feet, the greater part of which depth is through a decomposed limestone. 
A few wells have been sunk to a depth of 100 feet in order to obtain a greater supply. 
A gas-well boring was sunk to a depth of 1,200 feet and obtained a supply of salt 
water, which rises nearly to the level of the well mouth. This water is used for 
street sprinkling, but is thought to be too salt for domestic use or for sprinkling 
lawns. 
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New Albany f Indiana, — The city of New Albany obtains its waterworks supply 

from the Ohio River, bat several pablic wells and a large number of private wells 

are obtained from the gravel of the terrace on which the city stands. Numerous 

analyses of the water from public wells have been made by J. F. Elsom, of New 

Albany. At the request of the mayor, Mr. T. W. Armstrong, Mr. Elsom furnished 

the following statement concerning the average of water from the city wells. In all 

cases the selections were made when the water in the wells was extremely low and 

suspicion of contamination strong. 

Parta in 100,000. 

Totalsolids 80.02 

Organic carbon 0.739 

Organic nitrogen 0. 098 

Ammonia 0.740 

Sewage contamination 32.850 

Hardness: Temporary, 22.090. ' Permanent, 26.210. 

NewoaBtUf Indiana. — ^The public water supply is from flowing wells sunk about 90 
feet in the glacial deposits. A large supply of excellent water can be obtained in 
the drift of this vicinity at depths ranging from 20 to 250 feet or more. Analyses of 
the water from the waterworks wells are presented in the table of analyses on 
another page. 

Plymouth, Indiana. — ^The public water supply for Plymouth is obtained from a 
series of flowing wells sunk in the glacial drifb to a depth of 40 to 50 feet. The 
water is hard and chalybeate, and the supply is apparently inexhaustible. Wells of 
this class are found along Tellow River and other streams in Marshall County, and 
water rises to a corresponding level in extensive districts between streams. 

Bichmond, Indiana. — The public supply for the city of Richmond is obtained from 
spring water. An analysis made by Prof. D. W. Dennis shows the water to be free 
from nitrites and free ammonia nnd saline ammonia, and there is only a trace of 
albuminoid ammonia. A comparison with wells in the city leads Professor Dennis to 
the conclusion that more or less malaria exists where these wells are used, but none 
has been traced to the use of the water from the waterworks. The shallow wells in 
the city are considered less safe than the water from the springs or of Whitewater 
River, and their use should be discontinued wherever practicable. The hardness of 
the water varies slightly with the season. It averages about 27 parts of carbonate 
of lime in 100,000. 

Boohesier, Indiana. — The city of Rochester obtains its public supply from springs 
which are run into a well and filtered before the water is pumped into the tank. It 
is thought to be nncontaminated, although the works are located within the city 
limits. An artesian well at the public square obtains a supply of water at a depth 
of about 500 feet, which is sulphurous and chalybeate as well as hard. (Informa- 
tion furnished by William Jay Shields, postmaster.) 

Bockville, Indiana. — ^The city of Rockville has thus far been unsuccessful in obtain- 
ing an adequate water supply for public use. Three prospective wolls have been 
drilled to depths of about 200 feet each and a fourth to a depth of about 100 feet 
without finding an adequate supply. The completion of the waterworks is there- 
fore suspended for the present. Private wells within the city range from 15 to 75 
feet in depth in glacial drift, the depth varying greatly on adjoining blocks. There 
appears to be no well-defined water horizon within easy access. An unsuccessful 
gas- well boring was sunk«some years ago to a depth of 2,300 feet. It obtained water, 
but the water failed to reach the surface, and no use was made of the boring. 
(Information furnished by Capt. John T. Campbell.) 

South Bend, Indiana. — ^The public water supply for the city of South Bend is 
obtained from about thirty flowing wells driven to a depth of 100 to 125 feet in the 
glacial drift. A compact calcareous clay nearly free from pebbles and having a thick- 
ness of 20 to 40 feet rests upon the water-bearing gravel and prevents surface contam- 
ination. The head was originally about 15 feet above the surface in wells located 
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on the low ground along the river bottom. The greater part of the city stancU npon 

a terrace 20 to 30 feet above this bottom, and conseqaentl j above the level to which 

water will rise. The following analysis was made by Prof. Albert Prescott, of the 

University of Michigan : 

Parts in 100.000. 

Free ammonia 0. 010 

Albuminoid ammonia : 0. 008 

Nitrates None. 

Nitrogen in nitrites 0. 007 

Chlorine of chlorides 0. 600 

Hardness (Clark's scale), 13 degrees. 

Professor Prescott states that in the sanitary relations the water is better than the 
average of good city water supplies. (Information furnished by William M. Whitten, 
city engineer.) 

Sullivanf Indiana, — The private wells in this village usually obtain abundant sup- 
ply in glacial drift at 25 to 35 feet. In the surrounding country wells are often sunk 
to a depth of 200 to 3(X> feet, obtaining a supply of fresh water in the sandstone. A 
gas- well boring made by the city reached a depth of about 1,000 feet and struck a 
strong flow of salt water, which rises within 15 feet of the surface. This water is 
being used for street sprinkling, but is so salt as to leave a white incrustation when 
evaporated. The city waterworks, recently constructed, obtain a supply from Bus- 
seron Creek. The water is filtered before it is pumped to the standpipe. 

Terre Haute, Indiana,— The city of Terre Haute is supplied chiefly by water 
pumped from the Wabash River, there being but few private weUs. The danger of 
contamination of the water of the wells is so great that frequent analyses are made, 
and where contamination is known to exist further use is prohibited by the city 
authorities. The following table of analyses, made by Prof. W. A. Noyes, of the 
Rose Polytechnic Institute, in 1891, includes water from several weUs, in addition 
to that from the city hydrants, and illustrates the nature of the supplies : 

(Parts in 100.000.] 





1 
i 


Deep well at Terre 
Haute House. 


Well at 810 Eagle 
street. 


Well at Fourteenth 
and Poplar 
streets. 


Well at Thirteenth 
street and Col- 
lege 'avenue. 


Well at Twelfth 
and Wabash 
streets. 


Welliiiftontof519 
North Fourth 
street. 


Well at Third 
street and Wash- 
ington avenue. 


Total solids 


280 
12.9 
1.4 


404 
11.7 
9.6 


730 
41.7 
22.6 


375 
7.4 
9.1 


373 
10.6' 
11.1 


421 
12.4 
10.6 


644 
20.8 
16.0 


332 
4.6 

8.2 


Chlorine 


Nitrogen in nitrates .. 


Nitrogen in nitrites . . 


None. 


None. 


0.05 


0.002 


0.001 


0.002 


0.002 


None. 


Free ammonia 


None. 


None. 


0.10 


None. 


0.002 


None. 


0.004 


None. 


Albuminoid ammonia. 


0.08 


0.003 


0.12 


0.004 


0.004 


0.008 


0.044 


0.020 


Oxygen consumed by 


















organic matter 


1.25 


0.24 


0.72 


0.28 


0.24 


0.26 


0.44 


0.24 



''With the exception of the wells at 610 Eagle street and in front of 519 North 
Fourth street, th contamination is less than in the well waters examined the pre- 
vious year (1890). Whether this is because most of the wells are located in the losa 
thickly populated parts of the city, or because, on account of the small amount of 
rain, the surface drainage forms a smaller part of the water in the wells, can only 
be determined by new analyses of some of the wells examined last year. In any 
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case, however, the analyses show that a part of the water in each of these wells 
has at some time in its history heen contaminated with organic matter."— W. A. 
Noyes. 

Union City, Indiana. — The supply for the Union City waterworks is obtained from 
two wellSy each 80 feet in diameter and 32 feet deep. The water stands at an aver- 
age depth of about 25 feet in each well, or within 7 feet of the surface. The wells 
are dug through a tough, bluish clay to a dark sand, wbich, when reached, supplies 
water in such quantities as to preclude further progress. The water is thought to 
be very pure and healthful. In twenty-three years no case of typhoid fever or diph- 
theria has originated in a family using it exclusively, nor has deleterious matter 
been detected in it. (Information furnished by William Commons, M. D.; health 
officer.) 

Valparaiso, Indiana, — The public water supply for this city is obtained from Flint 
Lake, situated about 3 miles north of the city. As there are no streams leading into 
this lake, its water is supplied from direct rainfall and from percolation through 
surrounding gravel beds. In dry seasons it shrinks to such an extent that the supply 
is scarcely sufficient to meet the demands of the city, and plans are under way for 
connecting the waterworks system with other small lakes in that vicinity. Private 
wells and cisterns are used extensively. The wells range in depth from 15 feet to 
about 200, and obtain their supply from gravel beds in the glacial drift. (Informa- 
tion furnished by J. C. B. Suman, mayor.) 

Wdbatik, Indiana, — The public water supply for the city of Wabash is obtained 
from flowing wells sunk in the valley of Treaty Creek, about a half mile south from 
the Wabash River bluff. The wells range in depth from 42 to 55 feet, and are 6 
inches in diameter. Only a small part of the water goes into the reservoir, and yet 
an adequate amount is obtained for the use of the city. 

Many weUs have been drilled into limestone within the city, but the present 
waterworks supply has largely supplanted them because of its superior quality. A 
deep artesian well made many years ago has als3 nearly gone out of use. (Informa- 
tion furnished by James £. McHenry, mayor.) 

Warsaw, Jfidiana.— The public supply is obtained from sixteen 2-inch wells 138 feet 
deep, one 8-inch well 141 feet deep, and one 6-inoh well 140 feet deep. The head 
in these weUs is sufficient to cause them to flow 1 to 2 feet above the surface. In 
addition to the wells, water is pumped from one of the lakes situated on the borders 
of the city. 

Whiting, Indiana, — ^Part Of the town is supplied from Lake Michigan by the pri- 
vate pumps of the Standard Oil Company's plant, but a part of the town still use 
well water obtained in the surface sand. 

OHIO CITIES AND TOWNS. 

Akron, Ohio. — Several wells driven in gravel to depths ranging from 60 to 125 feet 
frimish the public water supply. This is supplemented by pumping from a small 
lake. The wells each have an average yield of about 100,000 gallons per day. The 
average daily consumption is about 3,000,000 gallons. A portion of the city is 
underlain at slight depth by sandstone in which water is readily obtained for many 
private wells. A few families on the west side are supplied from springs. 

Ashland, Ohio. — ^Water supply from wells at pumping station is abundant at 30 
feet or less, but one of the best wells is 90 feet. Average daily consumption about 
50,000 gallons. Daily capacity of a well averages about 50 barrels, but some wells 
are much stronger. Analysis of water given in tables on later page. 

Ashtdbulaf Ohio, — ^The public supply is from a series of tubes and infiltration wells, 
6 to 14 feet deep, in gravel on the shore of Lake Erie. 

Athens, Ohio. — Waterworks supply is from a large well, 23 feet deep and 30 feet in 
•diameter, situated Just above the city in the Hocking River bottom, at a distance of 
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1,700 feet from the river. Water enters through coarse gravel and is probably fed 
by the river, its bottom being below river level. In dry seasons 750,000 gallons per 
day is pumped without lowering the well, and occasionally twice that amount. 
Average daily consumption nearly 200,000 gallons. (Information furnished by 
William S. Wilson, mayor.) 

Attica, Ohio. — The public supply is from a large well, 28 by 25 feet, fed by tile 
leading through a gravel bed 6 to 11 feet from surface of ground. This well will 
furnish 750 gallons per minute in ordinary seasons, or far more than the demands of 
the village. The private wells obtain water at about 20 feet. (Information fur- 
nished by A. F. Lepper, postmaster. ) 

Bellairef Ohio. — Public supply pumped from Ohio River is considered unsafe because 
of the situation just below the city of Wheeling, but is used by a large part of the 
population. Privute wells obtain supply at level of river, except in a few instances 
where rock is x>snetrated. Rock water is often slightly saline. A 6-inch well in the 
river alluvium will ordinarily supply 50 gallons per minute. Such weUs are consid- 
ered safer than the river water. (Information furnished by James Kenney, jr.) 

Bellefontaine, Ohio. — The public supply is from two flowing wells, 164 feet in depths 
located on ground about 13 feet lower than the Cleveland, Cincinnati, Chicago and 
St. Louis Railway station. The water is pumped to a reservoir. The combined 
capacity by pumping is about 1,000,000 gallons per day. Average daily consumption 
about 750,000 gallons. The analysis shows it to be an alum water, there being nearly 
8 grains per gallon of sulphate of alumina. (Information furnished by W. T. Havi- 
land, postmaster.) 

Bellevue, Ohio. — Several wells in the city appear to have an inexhaustible supply 
of water from limestone at depths of 40 to 75 feet, but the majority have a limited 
capacity. The strong wells are supposed by the residents to be located in a ''sub- 
terranean stream." The public supply is impounded water pumped to standpipe. 

Berea, Ohio. —The wells are partly in drift at depths of 15 to 20 feet, partly in shale 
at similar depths, and partly in Berea grit at 60 to 75 feet. There is but little rise 
of water in the wells. Strength of wells varies greatly. (Information by Dr. D. T. 
Gould.) 

Bueyrus, Ohio, — Public water supply partly from a large well, 50 by 20 feet, and 
partly from Sandusky River. Private wells, 10 to 40 feet in depth, are mainly 
through bowlder clay and obtain water in glacial gravel. (Information fnrniBhed 
by Charles Donnenwirth, mayor.) The Waterworks Manual reports average daily 
consumption 550,000 gallons. 

Canton, Ohio, — The public water supply is about equally divided between Nimi- 
shillen Creek and 36 flowing wells, there being pumped from each source about 
1,500,(X)0 gallons daily. The flowing wells are 275 to 385 feet in depth and obtain 
supply from sandstone. Such wells overflow only on low ground along the creek. 
(Information by A. M. True, superintendent of waterworks.) 

Celina, Ohio. — Very large supplies of fresh water may be obtained from the drift 
gravels at 50 or 60 feet or less and from limestone at arbout 250 feet. The average 
capacity of a drilled well is estimated to be 1,500 barrels per day. The drift near 
Celina in places is fully 300 feet, but ordinarily is scarcely 100 feet in depth. 

Cincinnati, Ohio, and suburbs. — The city of Cincinnati is supplied with water pumped 
from the Ohio River to reservoirs for both low service and high service. The 
suburban towns of Madisonville, Linwood, Norwood, Carthage, St. Bernard, Bond 
Hill, Lockland, Hartwell, Reading, Wyoming, and Glendale are all located in an 
abandoned valley connecting the Ohio with the Great Miami. This valley is filled 
with a fine sand, which yields an abundance of good water for the use of these towns* 
The wells are 100 to 235 feet in depth, the deepest being at Norwood. Dr. John B. 
Porter, of Glendale, estimates that these suburban towns have an average daily 
summer consumption by public and private wells of not less than 4,000,000 gallons 
and occasionally pump 10,000,000 gallons. The wells at Glendale pumping station 
18 GEOL, PX 4 35 • 
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penetrate 97 feet of clayey drift before entering the water-bearing sand and are irnnk 

78 feet into the sand. The water there shows a trace of free ammonia, bot no 

albuminoids. It is hard, fiilly 75 per cent of its mineral matter being carbonate of 

lime. Dr. Charles L. Metz, of Madisonville, reports that the three wells at the 

waterworks of that village are on the lowest ground in that vicinity (along Duck 

Creek), and are 140, 145, and 150 feet in depth. At 16 feet sand was entered which 

continues to bottom. Water is hard and incrusts staudpipe. A sanitary analysis 

shows the following : 

Parte in 100,000. 

Free.ammonia 0.0062 

Albuminoid ammonia 0.0060 

Nitrates and nitrites 0. 0443 

Chlorine 0.45 

Volatile organic solids 4. 50 

Inorganic solids 80. 75 

Total solids 36.25 

Cleveland, Ohio, — The public supply is from Lake Erie, the water being taken at a 
crib 1 mile from the shore. Very few private wells are in use. Two reservoirs are 
constructed, a low service 170 and a high service 316 feet above the lake. Miles of 
pipe connected with low service, 390; with high service, 43. Total, 433 miles. 
Manual of American Waterworks reports 462 miles in June, 1896. Average daily 
consumption of water nearly 40,000,000 gallons. (Information by Mr. Warren 
Upham.) 

Clyde, Ohio. — ^In the vicinity of this village are flowing wells 50 to 76 feet in depth, 
llie rate ranges from 10 barrels to fhlly 500 barrels per day. The public supply 
is from limestone, and water is sulphurous as well as hard. (Information by 
D. Beamer.) 

Columbus, Ohio. — The city of Columbus embraces within its limits three valleys 
and tracts of upland in which water horizons are variable. In places drift deposits 
exceed 100 feet; in places the drift is thin. Some water is obtained at 10 to 15 feet, 
but a better supply is found at 30 feet or more, the depth to strong water veins 
varying greatly within narrow limits. Some shallow wells may be subject to con- 
tamination, but clay strata usually protect such wells. The public supply is from 
Scioto River and impountxcd water at main station and from wells at East Side 
station. Average daily consumption, 14,000,000 gallons. Few wells, either for public 
or private supply, enter rock. The water is hard and contains a small amount of 
iron and sometimes is sulphurous. (Information by Dr. Edward Orton, State 
geologist. ) 

Conneaut, Ohio, — Public supply chiefly from eight 6-inch wells on the shore of Lake 
Erie, with a daily combined capacity of 1,000,000 gallons. Dug wells for private 
use are being supplanted by driven wells. 

CoBhooion, Ohio, — ^The public supply is from eighteen 6-inch wells 32 feet in depth, 
which reach about the level of the Tuscarawas River and obtain the supply from 
gravel. 

Dayton, Ohio. — The public water supply is from about eighty 8-inch wells driven to 
a depth of 50 to 60 feet through alluvial and glacial sand and clays in Mad River 
Valley to a bed of gravel. The daily consumption in summer averages about 6,500,000 
gallons, and for the year about 4,000,000 gallons. Length of mains about 100 miles. 
Chemical analyses are given in the tables on another page, and show the water to be 
rather hard. A bacteriological examination made by Dr. S. E. Allen, of Miami 
Medical College, showed no pathogenic germs, the varieties isolated being the per- 
fectly harmless forms which exist in all water not artificially sterilized. The number 
of germs is exceedingly low, being but 48 per cubic centimeter. 

Defiance, Ohio. — ^The public water supply is pumped mainly from Maumee River. 
Private wells are from two horizons, the shallow ones being but 10 to 15 feet and the 
deeper ones 40 to 50 feet in depth. Some of the Tormer having shown evidence of 
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contamiDation, this class is regarded with saspioion. An analysis of a deep salt- 
water well appears on another page. The shallow wells have fresh water. 

DelawarSf Ohio, — ^The city water snpply is from large wells loeated about 8 miles 
north of the city and excayated in gravel to a depth of 30 feet. In the city there are 
a nnmber of springs of snlphar water. There is also a deep well, bored for natural 
gas, which furnishes water for a bath house under the direction of Dr. S. W. Fowler. 
, Analyses of water from two of the springs are presented in the tables on another 
page. They show the samples to be a highly saline 'suiphureted water. The sul- 
phureted hydrogen in Odovene spring, amounting to nearly 8 cubic inches per 
gallon, is entirely free, no sulphides occurriug in the water except a minute trace of 
sulphide of iron in suspension. (Information furnished by C. W. Wiles, superin- 
tendent of waterworks, and by Dr. 8. W. Fowler.) 

DennUon, Ohio, — Dennisou and Uhrichsville are practically one town, standing 
in the valley at the junction of Stillwater and Tuscarawas rivers. In Dennison 
the wells are 12 to 20 feet in depth, obtaining water from sand beneath yellow 
clay. In Uhrichsville the wells are usually deeper. Very few wells have been 
sunk since the waterworks were put in operation in 1888. The waterworks pump- 
ing station is on Big Stillwater River, above the towns, and the reservoir stands 
on a hill 265 feet above the level of the valley bottom. (Information given by 
E. Eckfeld.) 

Eaton, Ohio, — The waterworks are located in a creek bottom one-half mile north- 
west of the corporation line. Ten 6-inoh wells 75 to 85 feet deep are connected with 
the pumps. These furnish only 1<X),000 gallons per day, which is insufficient for the 
demands of the city. Recourse is had to spring water issuing at the foot of the bluff, 
which supplies about 1(X),000 gallons per day. The spring water has a temperature 
of 49°, while the well water stands at 56°. An analysis of the combined water is 
presented in the table of analyses. (Information furnished by W. 0. Dove, superin- 
tendent of waterworks.) 

Ulyria, Ohio. — The public supply is pumped from Black River and is not satisfac- 
tory on account of the large amount of sediment. Private wells are of two classes : 
(1) Shallow wells in the drift, 10 to 30 feet in depth; (2) wells in sandstone, 60 to 90 
feet in depth. The water in the former is not above suspicion, but from the latter 
source it is excellent, and the supply is abundant for private purposes. Whether a 
public supply could be obtained from this source has not been determined. (Infor- 
mation furnished by M. H. Levagood, mayor.) 

Findlayf Ohio, — The public supply is pumped from Blanchard River, which runs 
through the city. The glacial drift is seldom of sufficient thickness to afford a sup- 
ply for private wells, but water is often found in the underlying limestone at a 
depth of but 12 to 15 feet. In some cases the water is sulphurous, but is usually of 
pleasant taste. In some localities much discomfort is experienced on account of the 
saturation with oil, which escapes into the drift gravel from the oil wells. 

Franklin, Ohio,— The public supply is from six 6-inch wells driven into the glacial 

drift of the Great Miami Valley. Prior to the introduction of this public supply, in 

1887, shallow wells 20 to 30 feet deep were in use, which, it was thought, led to the 

prevalence of typhoid fever, but since the utilization of the deeper weUs the town 

has experienced no run of typhoid fever. The following sanitary analysis of the 

waterworks supply was made by Prof. O. R. Stuntz, in April, 1887 : 

Parts in 100,000. 

Total residue 45.94 

Organic and volatile 17.92 

Inorganic and nonvolatile 28.02 

Free ammonia ; 0.0016 

Albuminoid ammonia 0. 0021 

Chlorine 1.04 

Temporary, 8.51. 
Hardness : { Permanent, 14.38. 

Total, 22.89. 
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Fremont, Ohio, — ^The pablio water supply is maiBly ixom the Sandusky River. 
Private wells are obtained in the drift at convenient depths, but there is suspicion 
of their contamination in many instances. An excellent quality of water may be 
obtained at a depth of 40 to 60 feet in the limestone. It is estimated that drilled 
wells of this class yield, in some cases, nearly 1,000 barrels per day. (Information 
furnished by Charles F. Reiff, superintendent of water works. ) 

GalUpolia, Ohio, — The public water supply is from wells sunk in the bed of the 
Ohio River. Four wells, 6 feet deep and 4 feet in diameter, extend down about 
5 feet below extreme low water in a bar at the head of Gallipolis Island. The 
wells are cemented at top, so that when the river overflows them no water enters 
except that which comes up from beneath. The water is thus comparatively clear 
at times when the river carries much sediment. Water is pumped to a reservoir 314 
feet above low water in the Ohio. The average daily consumption in summer is 
800,000 gallons. 

GreenvillCf Ohio, — The public supply is from nine 6-inch wells 52 to 62 feet in depth, 
which obtain their supply from glacial gravel at the base of the drift, there being 
limestone at the bottom of each of the wells. The average capacity of each well 
is about 5,000 barrels per day. A sanitary analysis made by Prof. C. R. Stuntz, of 
Cincinnati, in December, 1892, reports a large amount of free ammonia, as well as 
much organic matter. The organic matter is largely composed of peat, and it is rec- 
ommended that the water should be filtered. One analysis is from a sample of 
the waterworks water, and the other from Greenville Creek, and the results are as 
follows : 



Parts in 100,000 by weight. 



Total solids 

Organic and volatile solids 

Inorganic 

Free ammonia 

Albuminoid ammonia 

Chlorine 

Temporary hardness (grains per United States 

gallon) 

Permanent hardness (grains per United States 

gallon) 



"Well water. I Creek water. 



5i.02 

19.56 

34.46 
0. 1012 
0.0034 
0.45 



16.61 



12.76 



40.46 

15. 46 

25.00 
0.0034 
0.072 
0.19 

5.39 

11.95 



» 

(Information furnished by John P. Lucas, superintendent of waterworks.) 

Hamilton, Ohio, — The city of Hamilton is supplied by a series of filter wells 
obtained at about the level of the Miami River in glacial gravel, the average depth 
being 45 feet. The capacity of the wells is practically inexhaustible, but they are 
pumped at a rate of about 3 barrels each per minute. 

HilUhoro, Ohio. — The public supply is from gravel beds reached by twelve driven 
wells in the valley of Clear Creek, about 2^ miles north of the village. The supply 
is rather scanty, but probably sufficient if carefully husbanded. The town has a 
hilly situation, the Niagara limestone cropping out in places on the slope. The 
irregular surface is filled in by drift deposits from which some well water may be 
obtained. The source oi supply, however, is looked upon with suspicion, as it may 
easily become contaminated. Wells in the rock range in depth from 10 to 50 feet. 
(Information furnished by Judge H. M. Huggins.) 

Hudson, Ohio, — Hon. M. C. Read has published a paper upon the water supply of 
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Hudson aod vicinity, in which it is shown that many shallow wells are obtained at 
the Junction of the yellow and blue till at depths of 10 to 15 feet or less. This 
source of supply he considers dangerous, for the reason that the yellow clay in sea- 
sons of drought opens a series of fissures which readily admit the washings of the 
surface in showers following such droughts. As in underdraining clay lands the 
fissures will be opened more rapidly near the drains, on account of the earlier desic- 
cation along them, so they will open up more rapidly for the same cause around the 
wells, and these will be put in complete communication with the network of open- 
ings reaching to the surface. In examining such wells Mr. Head has found centi- 
pedes, sow bugs, and earthworms by hundreds brought up in the first drawings of 
water after copious summer showers. T£ey had sought moisture in the fissures 
of the clay, and the fact that they were uniformly carried in great numbers into the 
well when a dashing rain succeeded a long- continued drought shows how directly 
these fissures connected with the well. In view of these studies made by Mr. Read 
it can not be too strongly urged that in districts such as that around Hudson, where 
a drought may open fissures in the clay to the depth of the water-bearing stratum, 
special pains should be taken to guard against the use of such wells. Over much 
of northern and northwestern Ohio, where the surface is largely a compact clay, the 
dangers from this source are as great as at the village of Hudson, where the obser- 
vations were made. Mr. Read has devised a double cistern, one apartment receiv- 
ing the water and allowing it to filter through charcoal and gravel into the other 
apartment, from which the water is pumped. By occasional renewal of the filtering 
material and washing of the cistern he has been able at slight expense to obtain a 
supply of water as clear and sweet as the best spring water. In localities where 
pure well water can not be readily obtained this simple device may be easily employed 
for obtaining a pure quality of rain water. 

IrontaHy Ohio, — The city of Ironton obtains its supply by direct pumping from the 
Ohio River, and no private wells are in use. Because of the sediment carried by 
the river at certain seasons of the year many large cisterns have been constructed 
which are filled from the waterworks before the spring rise, while the water is clear. 
(Information furnished by John M. Corns, mayor.) 

Jiickson, Ohio, — The city of Jackson is very unfortunately situated for obtaining 
an adequate supply for waterworks. The nearest available supply appears to be 
Raccoon Creek, several miles distant, and the water of this stream is somewhat 
objectionable. The wells within the city usually obtain water at 18 to 25 feet, but 
a good well is estimated to have an average capacity of but 3 or 4 barrels per day. 
(Information furnished by Andrew Leach, mayor.) 

Kenton, Ohio. — ^This city is supplied from a large well about 25 feet in diameter 
and 100 feet deep. With the exception of about 20 feet of drift, it was blasted from 
solid rock. The water stands at about the level of the top of the rock, and can be 
lowered only by excessive pumping. (Information furnished by Elmer 6. Derr.) 

Lancaster f Ohio,— The public supply is from springs, a sanitary analysis of which 

was furnished by Professor Welsh : 

Parts in 100,000. 

^Free ammonia 0.003 

Albuminoid ammonia 0. 007 

Nitrous acid 0. 001 

Nitric acid 0.108 

Chlorine L840 

Total solids 44.500 

Lima, Ohio.— The public supply is from several wells drilled to a depth of 140 to 
148 feet in limestone. The best well is pumping 800,000 gallons daily. Average 
daily consumption exceeds 1,000,000 gallons. Private wells furnish only a small 
portion of the domestic supply, for it is usually necessary to drill into the rock, and 
thus incur much expense, to obtain a good supply of water. (Information furnished 
by H. B. Hackedon^ superintendent of waterworks.). 
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London, Ohio, — The city of London obtains a large supply of excellent water from 
flowing wells at about 150 feet in the glacial drift. There are three 6-inch and two 
8-inch wells, with a united capacity of about 800,000 gallons per day. Many strong 
wells are obtained at shallower depths, but the head is not so great as in the deeper 
ones. (Information furnished by J. M. Boyer.) 

Lynchburg, Ohio. — Through the village of Lynchburg there is a gravelly belt, esti- 
mated to have an average width of about one-fifth mile, in which an abundance of 
water may be obtained at depths of 15 to 20 feet. On either side of this belt lime- 
stone is struck at slight depth and only weak wells are obtained. The waterworks 
obtain a supply from this gravel belt. Its well is 16 by 20 feet, and reaches rock. 
(Information furnished by Manual of American Waterworks and by Daniel Murphy, 
county surveyor.) 

Mansfield, Ohio. — The public supply is from a series of flowing wells 100 to 140 feet 
in depth, located in a valley adjoining the city, and which discharge water into a 
reservoir. It is thought that an adequate supply may be obtained by increasing 
the number of these wells. It is proposed to sink a sufficient number to afi^ord 
2^(XX),0(X) gallons per day. (Information furnished by R. B. McCrary, mayor.) 

Marietta, 'Ohio, — Although the waterworks supply is obtained from the Ohio River, 
many wells, both public and private, are in use which obtain water in gravel at 
depths of 30 to 90 feet. There is a suspicion of considerable contamination, and 
the use of such wells is decreasing. (Information furnished by J. B. West, superin- 
tendent of waterworks.) 

Marion, Ohio. — The public water supply is obtained from a gravel pit in Little 
Scioto Valley, about 2 miles west of the city, at a level about 65 feet below the gen- 
eral level of the city. About 2 acres of ground were excavated to a sufficient depth 
to form a pool. Test borings indicate that the gravel extends 50 or 60 feet below 
this level and is filled with an excellent quality of water. The water is used satis- 
factorily by the railways f6r locomotives, there being less than 14 grains of carbon- 
ate of lime per gallon. (Information furnished by H. C. Still well, superintendent 
of waterworks.) 

Maesillon, Ohio. — ^The city of Masaillon is chiefly supplied from a series of flowing 
wells drilled into the sandstone, some of which are 100 to 150 feet in depth. Water 
for domestic use is also obtained from Sippo Lake. The wells have an average 
capacity of about 500,000 gallons each per day. The water is remarkably hard, con- 
sidering its derivation from a sandstone rock, there being, as shown by the analysis 
in the tables, 12.65 grains of carbonate of lime per gallon. (Information furnished 
by A. W. Inman, superintendent of waterworks.) 

Mechanicsburg, Ohio. — The village of Mechaniosburg depended entirely upon open 
wells for domestic supply until 1892, when wells were driven to a bed of gravel 
below the bowlder clay. The greater part of the supply is still obtained from open 
wells, and an epidemic of typhus which prevailed in 1894 is thought to have resulted 
from the use of such wells. (Information furnished by T. £. Bumham.) 

Mount Vernon, OAto.— The waterworks supply is obtained from twenty-four flow- 
ing wells, 2 to 6 inches in diameter, driven to depths of 63 to 97 feet in the glacial 
drift. A 6-inch well is estimated to have an average capacity of about 100 gallons 
per minute, or nearly 150,000 gallons per day. The water is chalybeate as well as 
hard. A well drilled into the rock at Mount Vernon obtained a flow of brackish 
water unsuitable for use by the waterworks. The following sanitary analysis of 
water from the wells in the drift was made by Professor Lord, of the State 

University : 

Free ammonia, 0.017 parts in 100,000. 

Albuminoid ammonia, traces. 

Chlorine, 0.35 grains x>or United States gallon. 

Total solids, 16.0 grains per United States gallon. 

Combustibles^ 2.0 grains per United States gallon. 

Hardness, 11.5. 
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Napoleom, Ohio, — In the portion of the town lying between the Manmee Biver and 
Canal water is obtained at a depth of 15 to 30 feet. In the remainder of the town 
wells are nsually obtained in the rock at a depth of 110 to 130 feet. Many of the wells 
in rock have a snlphurous water which is not pleasant for drinking. For this reason 
filtered cistern water is nsed by a large per cent of the people. The waterworks 
and electric lighting are in one plant, run by the same machinery and a single set of 
employees. The cost of the plant was $60,000, but how much of this should be 
charged to water supply is not known. (Information furnished by Charles Evens.) 

NtU<mvillef OAto.-7-The public water supply is obtained from a large well sunk to 
a depth of 25 feet in the gravel of the Hocking River Valley at a distance of 200 
yards from the stream. There is very free movement of water through this gravel, 
and the supply is inexhaustible. Private wells are largely abandoned since the 
construction of the waterworks. 

NewarlCf Ohiojo—The public water supply is from large wells excavated at the bank 
of the north fork of Licking River, in the northern part of the city. The water is 
considered very pure and wholesome. It is rather hard, there being about 20 grains 
of carbonate of lime per gallon. (Information furnished by William A. Veach, 
receiver for company.) 

New lAshon, Ohio, — The public water supply is from two sources, about 25 per cent 
being pumped from wells drilled into the sandstone rock and the remainder stream 
water. The water from the stream is carried by gravitation into a large cistern 
into which also the well water is pumped. The entire supply is then forced to a 
reservoir on a hill standing about 200 feet above the pumping station. One pump 
is arranged to force water direct from the pumping station through the mains. 
The wells have an average capacity of about 40,000 gallons each per day. (Informa- 
tion furnished by I. M. Dickenson, mayor.) 

New Philadelphiaf Ohio, — The public water supply is from a series of wells in the 
Tuscarawas River bottom, driven about to the level of the river bed. A few wells 
have been sunk to a depth of 25 or 30 feet below the river bed, and it is thought 
that the supply from this source is not so hard as that found at the level of low- 
water mark. The water is pumped to a reservoir on a hill adjacent to the town. 
Private wells are obtained at about the level of tbe river and vary from 20 up to 50 
feet, according to the elevation of the surface. (Information furnished by Joseph 
Welty.) 

New SiraiteviUe, O^to.— This village is built upon the slope of a hill about 150 
feet in height, and the wells are obtained ftom several different horizous. In some 
cases the water is strongly impregnated with iron and sulphur, especially that 
found below *' Coal No. YI.'' Surface water is collected in reservoirs for mining 
industries and iron furnaces, and in cisterns for fire purposes. 

Niles, Ohio. — This city obtains its public water supply from nine wells sunk to a 
depth of 50 feet in glacial deposits. The combined capacity is about 500,000 gallons 
per day. 

Oherlin, Ohio, — The public water supply is pumped from the east branch of Ver- 
milion River^ at Kipton, six miles distant. An analysis of the river water made at 
the end of a dry season, September, 1886, gave the following results: 

Total solids, 35.35 grains per gallon. 
Hardness, 32.66 degrees. 
Hardness after a rain, 12 degrees. 
Free ammonia, 0.0094 parts in 1,000,000. 
Albuminoid ammonia, 0.02 parts in 1,000,000. 

Many private wells are in use which obtain water from sandy layers between 
the yellow and blue till, at depths of 8 to 12 feet, and in the gravel beds at lower 
depths in the drift. Near the west part of the town the Berea grit is within 3 to 6 
feet of the surface, and wells are there drilled some distance into the rock. The 
well water has occasionally been found to show contamination in the series of 
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analyses made by Professor Jewett. In one case contamination by a cesspool was 
certain. In thirteen analyses of water suspected to be bad, made by Professor 
Jewett, the amoant of free ammonia was found to vary from 0.001 part in 100/000 to 
0.033 parts. The albuminoid ammonia ranged from 0.005 to 0.027 parts in 100,000. 
The amount of chlorine in grains per gallon ranged from 0.80 to 16.10, the latter 
being the amount in a well known to be contaminated by a cesspool. The average 
amount of chlorine in the thirteen analyses is 6.43 grains per gallon. As all tbese 
waters were selected for their known badness they can scarcely be considered repre- 
sen jative, but they serve to indicate that there is danger arising from the use of the 
shallow wells. (Information furnished by Prof. A. A. Wnght.) 

Ottawa, Ohio, — No public water supply is yet introduced, but the city has a system 
of fire cisterns supplied from Blanchard River. There are also a few ''town wells'* 
which contain water from limestone at a depth of about 130 feet. The private wells 
are often obtained at depths of 10 to 35 feet, from gravel beds in tfte glacial drift. 
Quite a number of private wells are drilled into the rock, which is entered at about 
70 feet from the surface. (Information furnished by T. J. Sweeney, mayor.) 

Plain City, Ohio,— The public water supply isobtaiued from two artesian wells 500 
feet in depth, which yield an unlimited amount of slightly sulphurous water, not 
unpleasant for drinking. This water is rapidly displacing the nse of private wells, 
which were obtained at depths of 7 to 13 feet and are liable to surface contamina- 
tion. (Information furnished by G. M. Russell, postmaster.) 

Piqua, Ohio. — The public water supply is obtained through a somewhat expensive 
canal and basin system, supplied by Miami River, the cost of the system of canals 
and basins being $260,000. The canal is 6 miles in length, and the basins are of dif- 
ferent sizes, one basin containing 40 acres, another 11, and another 3, and there are 
smaller ones. The quality of water is thought to be excellent. Private wells are 
obtained at depths of 10 to 24 feet, in beds of gravel. In some coses these wells are 
thought to be liable to contamination. An artesian well boring demonstrates that 
water will rise to about the level of the Miami Canal, but the head is scarcely suffi- 
cient to cause a flow at the general level of the city. (Information furnished by 
James Ward Keyt, mayor. ) 

Pameroy, Ohio, — This city has no public water supply, principally^ because of the 
great indebteduess. A few wells, 60 to 65 feet in depth, are in use, but the greater 
part of the water supply is from cisterns filled from roofs of buildings. (Informa- 
tion furnished by E. R. Davenport, city engineer.) 

Portsmouth, Oho. — The public water supply of the city is obtained by direct pump- 
ing f^om the Ohio River. Very few private wells are in use, it being necessary to 
sink usually to a depth of 60 to 100 feet to obtain a supply. 

Mawenna, Ohio. — The great-er portion of the public water supply is pumped from a 
lake having an area of about 30 acres. This being inadequate, a system of wells 
have been sunk on the margin of the lake, which obtain an excellent quality of 
water, at a depth of about 150 feet in a bed of gravel at the base of the glacial drift. 
(Information furnished by D. C. Coolman, postmaster.) 

Ripley, Ohio. — A system of waterworks was put in in 1896, which will obtain its 
supply from the Ohio River. The water is first pumped to two settling basins and 
from these to a reservoir on the bluff, about 300 feet above the river. Several 
private wells in Ripley reach depths of 85 to 90 feet without entering rock. An 
artesian well, made near the ba«e of the bluff, obtains a salt water containing a 
considerable amount of lithium carbonate. The analysis is given in the tables. 
(Information furnished by Dr. W. A. Dixon.) • 

St, Marys, Ohio. — The public water supply is from four 8-inch wells about 280 feet 
in depth, sank into the limestone, and which have a combined average daily capac- 
ity of 2,000, 000 gallons. The water will rise to a height of 12 feet above the surface. 
It is very hard and has a small amount of sulphur and iron, but is of excellent qual- 
ity. Wells of this class may be obtained over an area of several square miles in 
the vicinity of St. Marys, and many have been made by the farmers. The water 
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sapply from the drift is of good quality and osnally adequate for private wells. 
(Info{mation furnished by O. E. Dunan.) 

8andu$ky, Ohio, — The public supply is pumped from Sandusky Bay. A private 
company has springs located about 6 miles west of the city, which fhmish a small 
amount of excellent water. The use of private wells is almost discontinued. 
(Information furnished by Charles Judson, C. E., superintendent of waterworks.) 

Sidney f Ohio. — ^The public water supply is pumped mainly from Great Miami River, 
and is of excellent quality. There are many private wells which also furnish a good 
quality of water. The open wells have a depth of 12 to 30 feet, and drilled wells a 
depth of 100 to 200 feet. (Information furnished by H. S. Ailes, mayor.) 

Springfield, Ohio. — The public water supply is obtained from wells sunk into gla- 
cial gravel. There are also many private wells. The depth of wells in the higher 
part of the town is about 40 feet, but in the lower part is 15 to 20 feet. Usually 
water is obtained without entering rock, but in parts of the city the rock stands 
within 5 feet of the surface and wells there must be drilled. An analysis of the 
city water is given in the tables. (Information furnished by W. H. Linn, city 
engineer.) 

SteubenviUe, Ohio. — A waterworks plant was put in at this city in 1836 and 
enlarged in 1865 on the old site. An entire new plant was built in 1894. Two res- 
ervoirs are constructed at different elevations. The higher one has a line of pipes 
connected with it which are used for fire ; the lower one is used for domestic pur- 
poses. It is probably one of the most complete systems in the State. There is a 
pumping capacity of 6,000,000 gallons, a reservoir capacity of 7,000,000 gallons, and 
a daily consumption of about 2,500,000 gallons. (Information furnished by David 
McGowan.) 

liffln, Ohio. — The public water supply is obtained partly from the Sandusky River, 
but recently seven 10-inch wells have been sunk into the rock, which furnish a 
combined average yield of about 800,000 gallons per day. Several factories and 
many private parties have wells sunk into the rock to depths of 70 to 90 feet. 
(Information furnished by Mr. M. Scannell, manager Tifi9n waterworks.) 

Toledo, Ohio. — The public water supply is pumped from the Maumee River. For 
some time after the construction of the waterworks a prejudice against using what 
was called hydrant water was felt, but it is now rapidly taking the place of all 
other water supplies, and nearly 50 miles of additional pipe has been laid since 1892, 
making 128 miles iu all. The private wells were largely of shallow depth and as the 
sewerage system was developed their supply was drained, thus making it necessary 
either to sink deeper wells or use the hydrant water. The quality of the public 
water supply is considered to be such that no danger is attached to it« use. (Infor- 
mation furnished by T. R. Cook, superintendent of waterworks.) 

Troy, Ohio. — The public water supply is obtained from two open and five driven 
wells located in the Miami Valley just above the city* The open wells are 30 feet in 
depth and the driven wells 40 to 50 feet. The average combined capacity is esti- 
mated to be about 2,000,000 gallons per day. The water is of excellent quality, the 
only objectionable feature being its hardness. (Information furnished by A. T. 
Beedle, superintendent of waterworks. ) 

Urhana, Ohio. — The public water supply is from an open well 21 feet in depth and 
20 feet in diameter, excavated in glacial gravel, and from eight 6-inch driven wells. 
They are estimated to yield 1,000,000 gallons or more per day. There are several 
manufactories that use outside supplies. The Artificial Ice Company have three wells 
28 feet in depth, which supply about 450,000 gallons per day. The Urbana Strawboard 
Works have two wells 12 feet in depth and 6 feet in diameter, which supply about 
500,000 gallons per day. The Ohio Strawboard Works have wells which supply their 
daily consumption of about 1,000,000 gallons. Impounded water from springs and 
brooks in the east part of the city supply the railway locomotives. There are many 
orther wells for domestic and manufacturing purposes whose yield is not estimated. 
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The city is, therefore, richly supplied with water at shallow depths. A gas- well 
boring obtains a supply of water firom a depth of 275 feet in a limestone formation. 
The capacity is estimated at 100,000 to 150,000 gallons per day. It has a head S^ feet 
aboye the level of the Pan Handle railway station, or about 1,060 feet above tide. 
(Information famished by Dr. Thomas F. Moses.) 

Van Wertf Ohio, — ^The city water supply is from wells sunk into the limestone to 
depths of 125 to 175 feet. The head fs within 10 feet of the surface, but a pump of 
1,500,000 gallons daily capacity has lowered six 6-inch wells 26 feet, continuous pump- 
ing ten hours. An analysis of water from these wells is presented in the tables. 
There are many private wells still in use which obtain water at about 20 feet, in beds 
of gravel beneath clay. (Information famished by James F. Higgins, mayor.) 

Wapakaneta, Ohio, — ^The public water supply is derived from nine 6-inch wells, 
varying in depth from 85 to 143 feet. The water from all the wells rises to the surface 
of the ground. The average capacity of each well is about 200 gallons per minute. 
The deeper wells reach the bottom of the drift, but do not penetrate the limestone. 
The following sanitary analysis, made by the State board of health, is fh>m a sample 
taken from a well 45 feet in depth : 

Parts 100,000. 

Oxygen required 0.10 

*Free ammonia 0.041 

Albuminoid ammonia 0. 003 

Organic ammonia 0. 005 

Nitrous acid None. 

Nitric acid 0.024 

Chlorine - 0.30 

Total solids 46.40 

{ Temporary, 34.40. 

Hardness < Permanent, 6.60. 
( Total. 41.00. 

(Information furnished by J. Wilson« Jr., trustee waterworks board.) 

Wellington, Ohio, — ^The village of Wellington has not been successful in obtaining 
an adequate supply from wells, although several borings have been sunk in that 
vicinity to depths of 500 to 1,000 feet. The drift, about 100 feet in depth, ftimishes 
only weak wells. The only recourse for public supply appears to be that of impound- 
ing water. 

Wellsville, Ohio, — The cities of Wellsville and East Liverpool obtain most of their 
water supply by pumping from the Ohio River, there being only a few wells and 
cisterns. Wells are obtained usually at a depth of 35 to 45 feet, except on the higher 
parts of the bottom land, where a depth of 60 to 70 feet or more is necessary to reach 
the level of the river. (Information furnished by O. C. Sinclair, mayor.) 

West Union, Ohio, — This town is situated upon a high hill, around the margin of 
which numerous springs of hard water issue, which are utilized by the residents. 
Wells are 10 to 30 feet in depth and obtain water in the limestone. A good well is 
estimated to have an average capacity of 20 barrels per day. (Information famished 
by J. H. Connor, postmaster.) 

Wilmington, Ohio.—Two classes of wells are in use in this city — open wells sunk to 
a depth of 20 or 30 feet, and bored or drilled wells with a depth of 60 to 100 feet. 
Some of the latter class of wells over&ow. The water is obtained from sand or 
gravel near the base of the glacial drift or at slight depth in the underlying 
limestone. 

Woosier, Ofcta.— Several sources of water supply are in use, and the public supply 
is from two distinct sources. One reservoir is filled by pumping water impounded 
from a small stream; another is tilled from a large well. The private wells are of 
two classes— open wells dug to a depth of 14 to 20 feet, and drilled wells with a 
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depth of 80 to 140 feet. The following sanitary analysis is from a sample taken from 
the pond nsed to fill one reservoir : 

« Parts In 100,000. 

Free ammonia 0.013 

Albuminoid ammonia 0. 036 

Nitrates None. 

Nitrites None. 

Chlorine 0.71 

Snlpbureted hydrogen None. 

Turbidity, very marked. 

Color, yellowish. 

Taste and odor, slight. 

Other analyses have been made which vary somewhat from the above, but copies 
are not at hand. (Information furnished by C. E. Thorn.) 

Xenia, Ohio, — The public water supply since 1887 has been from a series of springs 
located on the borders of the city. These for some years yielded about 1,000,000 
gallons per day. but in the drought of 1894 and 1895 their flow became reduced to one- 
tenth that amount. Prospect borings for water near the springs failed to develop 
any adequate supply. The private wells are of various depths, ranging from 10 to 
80 feet. They are largely obtained in gravel near the base of the glacial drift. In 
some oases they are liable to contamination because of insufficient cover. The need 
of a more adequate public supply is very great. 

Yaungstawn, Ohio, — The city obtains its public supply by pumping from the Mahon- 
ing River. For high service a standpipe is used, but for low service direct pressure. 
Many wells have been drilled in the vicinity of this city which obtain a slightly 
brackish water, unpleasant for drinking. Shallow wells on the uplands often obtain 
a good quality of water at convenient depths. Those in the valley are in many 
cases liable to contamination, and their use is largely discontinued. (Information 
fbmished by W. S. Hamilton, superintendent of waterworks.) 

Zanesville, Ohio. — The public supply is pumped from the Muskingum River to a 
reservoir on the bluffs. An analysis of the water is given in the tables. Many pri- 
vate wells are in use, which usually obtain water in gravel or sand. The Artificial 
Ice Company obtains a supply from a well 66 feet in depth. An analysis of its water 
api>ear8 in the tables. 

RAINFAIili. 

At the close of the year 1895 the State weather Bervice of Indiana 
maintained twenty-six points of observation of precipitation, so dis- 
tributed as to represent fairly well all parts of the State. The follow- 
ing summary of available records, prepared under the direction of 
Prof. H. A. Huston, director of the State weather service, appeared 
in his monthly report for December^ 1895. It includes, with the obser- 
vations for the State weather service, all the reliable records published 
prior to the organization of that service. 

It will be observed that the normal annual precipitation for the State 
for an average period of fourteen years is 39.57 inches, and that there 
is a steady decrease from south to north in the amount of precipitation, 
there being in the southern part 43.57 inches, in the central part 38.15 
inches, while in the northern part there is but 35.49 inches. This 
decrease in amount of rainfall from south to north affects the neigh- 
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boring States on the west (Dlinois and Iowa) and extends northward 
beyond the national boundary. As shown below, it is not so perceptible 
in Ohio. 

Table of precipitation in Indiana, 
[From report of director of State weather service, 1805.] 



Place of observation. 



Mount VemoD . . 

Princeton 

Marengo 

Vevay 

Bntlerville 

Worthingtou . . . 

Seymoar 

Columbns 

Madison 

Terre Hante 

Cambridge City 

Huntington 

Valparaiso 

Kokomo 

Marion 

JefTersonville... 

Connersville 

Indianapolis 

Mauzy 

Logansport 

Rockville 

Farmland 

Lafayette 

Delphi 

Columbia City . . 
Angola 



ynm- 
berof 
years. 



Northern portion 
Central portion. . 



12 
12 
Southern portion ' 12 



8 

12 

13 

30 

10 

13 

8 

12 

2 

2 

3 

2 

3 

3 

10 

7 

13 

24 

15 

11 

8 

13 

16 

10 

10 

11 



State 14 



Normal. 



Inchet. 
44.91 
39.56 
64.20 
44.52 
43.41 
42.21 
41.97 
37.77 
37.86 
30. 01 
36.57 
26.22 
33.04 
31.33 
31.02 
43.05 
39.09 
44.16 
41.10 
38.17 
37.09 
39.63 
38.05 
36.83 
35.50 
36.57 



35.49 
38.15 
43.57 



39.57 



Greatest 

annual 

amount. 



Inches, 
57.15 
56.96 
97.38 
§0.33 
52.69 
54.78 
49.88 
46.07 
40.16 
32.70 
47.87 
27.61 
35.67 
36.15 
36.60 

Do. oO 

50.99 
57.33 
57.31 
43.62 
43.58 
51.21 
47.21 
49.98 
42.34 
42.20 




50.86 



Tear. 



1890 
1890 
1890 
1883 
1890 
1883 
1890 
1890 
1894 
1895 
1893 
1894 
1894 
1893 
1893 
1890 
1890 
1876 
1888 
1885 
1890 
1890 
1882 
1890 
1890 
1890 



1892 
1890 
1890 



1883 



Least 

annual 

amount. 




Inclua. 
36.09 
27.95 
44.29 
26.53 
32.72 
32.73 
33.43 
27.08 
35.54 
29.32 
28.41 
24.83 
30.42 
27.42 
22.61 
36.86 
23.68 
34.13 
27.05 
25.97 
29.53 
28.47 
27.01 
26.23 
26.26 
31.06 



26.60 
29.38 
35.61 



30.99 



1894 
1887 
1886 
1895 
1895 
1895 
1894 
1894 
1895 
1894 
1895 
1895 
1895 
1894 
1895 
1895 
1895 
1894 
1895 
1895 
1894 
1894 
1895 
1895 
1895 
1894 



1895 
1895 
1894 



1895 



In Ohio at the close of 1895 nearly one hundred and fifty independ- 
ent observers sent in reports to the State climate and crop service. 
About one-third of these stations have maintained systematic observa- 
tions for an average period of eleven years, the length of period vary- 
ing from five years to twenty-five at the different stations. The normal 
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annaal precipitation for the State for the thirteen years prior to 1896 
iB 37.87, or 1.7 inches less than in Indiana* The average of greatest 
annual precipitation for the stations is 42.65 inches, and the average of 
least precipitation is 31.02 inches, thus giving a range of 11.63 inches in 
the amount of annual precipitation. The greatest annual precipitation 
noted at any station is 65.39 — at Demos, in Belmont Oounty, in the 
year 1890. The least annual precipitation noted at any station is 
20,50 inches — at Gelina, in Mercer County, in 1895. 

The following table, taken from the report of the director of the Ohio 
section of the Weather Bureau for 1895, illustrates the above state- 
ments and presents the normal rainfall, the range in rainfall, and years 
of record for each station where observations have been long main- 
tained. It will be observed that the northern section has on the whole 
a decidedly lower normal rainfall than the middle and southern sec- 
tions. But certain stations, such as Canton, Hiram, and Oarrettsville, 
have.a rainfall much above the normal for the State. The cause for 
such exceptionally high rainfall is not apparent, nor is the low rainfall 
at Dayton, Gelina, and Springboro. 



Table of jireoipitation in Ohio, 
[From report of director of State olimate and crop Bervice, 1805.] 



Place of observation. 



Southern eection. 

Athens 

Cinclanati 

Circleville 

ClarksTille 

Dayton 

Hanging Rock 

Logan 

Marietta 

McConnellsville . . . 

Portsmouth 

Springboro 

Waverly 

Waynesville 

Middle section. 

Cellna 

ColumbuB 

Demos 

Greenville 

Kenton 



Num- 
ber of 
years. 



6 
25 

5 

9 
13 
13 
12 
13 
12 
11 

5 
12 

7 

8 
17 

6 
10 

7 



Normal. 



InehM. 

37.80 

39.23 

33.18 

39.00 

35.77 

41.99 

42.65 

41.28 

39.14 

41.54 

34.14 

38.69 

39.50 



32.41 
39.28 
38.03 
36.58 
38.59 



Greatest 

annual 

amonnt 



Inches. 
49.10 
54.67 
39.57 
47.70 
46.97 
60.22 
58.69 
60.99 
54.22 
56.08 
45.92 
53.58 
48.28 



41.67 
51.30 
65.39 
43.71 
50.65 



< 

Year. 


Least 

annaal 

amount. 


Year. 




Inehti. 




1890 


32.86 


1894 


1880 


26.59 


. 1894 


1888 


26.40 


1895 


1893 


31.88 


1889 


1883 


26.78 


1889 


1890 


32.52 


1895 


1890 


32.69 


1895 


1890 


26.61 


1895 


1890 


29.35 


1895 


1890 


31.24 


1895 


1890 


25.95 


1895 


1890 


25.26 


1895 


1893 


28.27 


1895 


1890 


20.58 


1895 


1882 


28.50 


1889 


1890 


27.85 


1894 


1888 


22.03 


1894 


1890 


26.10 


1895 
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Table €f precipiiatio» in Ohio— Continued. 



[From report of director of State olimate aod orop serrlce, 1806.] 




Place of obserration. 


Nam- 
ber of 
years. 


Normal. 


Greatest 

annual 

amount. 


Year. 


Least 

annual 

amount. 


Year. 


Middle Mciion^-Cont'd. 

New Alexandria 

New Comerstown 

North Lewiflburg 

Ohio State Univenity . . . 
WesterviUe 


11 
10 
13 
13 
10 

9 

7 

12 

24 

13 

5 

6 

7 

6 

18 

6 

13 

5 

18 

7 

25 

12 

23 

11 

11 


Inches. 
41.89 
41.04 
40.15 
37.26 
37.96 

37.95 
35.90 
39.30 
36.56 
37.30 
32.66 
36.56 
40.03 
39.04 
40.49 
34.80 
33.27 
34.33 
34.75 
33.65 
31.02 
36.74 
36.86 

34.4a 
33.52 


Inches, 

58.53 

62.79 

49.50 

50.47 

49.24 

53.09 
49.00 
54.52 
51.51 
49.35 
37.45 
42.75 
53.81 
57.52 
51.33 
49.48 
45.91 
46.36 
46.37 
45.57 
45.91 
48.08 
52.55 
54.21 
50.98 


1890 
1890 
1893 
1890 
1890 

1890 
1890 
1890 
1878 
1890 
1888 
1890 
1890 
1890 
1890 
1890 
1890 
1890 
1881 
1890 
1881 
1890 
1892 
1890 
1890 


Inches. 
31.95 
28.67 
28.95 
26.95 
28.80 

31.05 
26.97 
31.29 
27.09 
29.73 
28.18 
29.28 
33.86 
28.69 
30.34 
28.72 
25.01 
24.97 
24.89 
27.27 
21.33 
31.67 
28.49 
31.32 
26.20 


1887 
1895 
1895 
1895 
1895 

1894 

1894 

1894 

1895' 

1895 

1895 

1894 

1895 

1894 

1886 

1895 

1894 

1894 

1889 

1889 

1894 

1886 

1888 

1894 

1887 


Northern eection. 
Akron. 


Ashland. . .............. 


Canton ...... 


Cleveland ( W. B. ) 

Cleveland (Hyde) 

EllBworth 


Findlay 


Garrettsville 


• 

Gratiot 


Hiram 


Lordstowu 


Oberlin 


Orange vUle 


Sandnskv .-..- 


Tiffin 


Toledo 


Upper Sandnsky 

Wanseon 


Wooster 


Tonngstown 


Southern section 

Middle section 


18 

10.5 

12 


38.53 
38.32 
^.96 


















Northern section 

State 




















37.87 


1 

1 
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There is a sufficient amount of precipitation, and the precipitation is 
so well distributed throughout the year, both in Indiana and Ohio, that 
droughts of disastrous effect are rare. Usually the soil is sufficiently 
pervious to absorb a large portion of the precipitation and yield it at 
the needed times to the growing crops. There are, however, portions 
of both States where a compact white clay soil prevents the absorption 
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of moisture. In snch localities the sarface also is nsaally very level and 
the tracts are poorly drained. As a consequence the land is flooded in 
rainy seasons and baked in seasons of drought. The portion of Indiana 
most seriously affected in this way lies outside the limits of the newer 
drift, in the southeastern comer of the State. It embraces southwest- 
em Franklin, southeastern. Decatur, Jennings, Bipley, Dearborn, and 
Jefferson counties, and the water partings in Ohio and Switzerland 
counties. A smaller district is found on the western border of the 
State in Clay, Vigo, and Sullivan counties. In Ohio the most exten- 
sive district is found in Clermont, Brown, Clinton, and portions of bor- 
der counties in the southern part of the State. The problem of opening 
these soils and rendering them x>ermeable to moisture and air is one of 
great agricultural importance. 

There are small areas where the soil allows the water to pass down- 
ward beyond the extent of vegetation. Such are the gravel and sand 
plains which border many of the valleys in the northern and western 
parts of Indiana and the southern part of Ohio. The situation of 
these tracts is usually favorable for irrigation, as they are found on the 
lowlands. It is thought that by the use of irrigation in .seasons of 
drought the value of such lands may be greatly increased, and that the 
returns will more than meet the expense. 
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